


GRID linked to 
SUPER GRID 


The first 180 MVA, 3 phase, 132/275 kV auto- The transformers, each fitted with resistor transition 
transformer to be completed for the Central Elec- on-load tap changers, were manufactured at the 
tricity Generating Board. AEI Rugby Transformer Works. 

Illustration shows the first of two of these transfor- 

mets at the Skelton Grange Substation of the For further details write to AEI Transformer Division, Southmoor 
Yorkshire Division of the C.E.G.B. Road, Wythenshawe, Manchester 23 or your local AEI office. 


Transformer Division 
Manchester and Rugby 


Associated Electrical Industries Limited 


E/A002 





33-kV 1000-MVA, compound-filled, metalclad switchboard 


Se! 


POWER STATION SWITCHGEAR 
SOUTHERN 
RHODESIA 


Consulting engineers 
Messrs, Merz and McLellan 


3-3-kV air-break circuit-breakers and a 480-volt auxiliary board 
Reyrolle supplied the 
main and _ auxiliary 
switchgear and control 
equipment for No. 3 
power station for the 
CITY OF SALISBURY 


Southern Rhodesia. 


Reyrolile 


A. REYROLLE & COMPANY LIMITED - HEBBURN - COUNTY DURHAM - ENGLAND 
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GILBERT GILKES & GORDON LTD 


WATER TURBINE & PUMP MANUFACTURERS 


KENDAL Telephone: Kendal 28 ENGLAND Gos 
London Office: CRAVEN HOUSE, KINGSWAY, LONDON W.C.2 Telephone: HOLBORN 








Brown Boveri 


Distance Relays 


provide an ideal means of pro- 


tecting interconnected medium-, 





high-, and extra-high-voltage 
cable and overhead systems against 


short circuits 


They restrict to a minimum the effects 


of short circuits on the system 
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Type LG for medium-voltage systems up to 
60 kV with or without rapid reclosing. 
Tripping time 0.1 s 


Type L3 for high- and _ extra - high - voltage 
systems with or without rapid re- 
closing. Tripping time 0.06 s 





Type L6 Supplementary one-cycle version of 
type L3 for extra-high-voltage sys- 
tems. Tripping time 0.02 s 


BROWN, BOVERI & CO., LTD. 


BADEN (SWITZERLAND) 


Representatives in most countries 
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K A R | B -_ stage completed 


Another stage begun 








The runner for the second 140,000 H.P. 
turbine is now being installed, marking 
another big step forward in construction. 
The illustration shows this runner being 
unloaded in the underground power 
station. No. 1 Unit, the first of six that are 
being installed, has been completed and 
is now running. 


& COMPANY ing 


VILLIERS HOUSE + 41-47 STRAND + LONDON WC2 
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In all parts of the world where 





natural resources are har- 






nessed to provide the increas- 







ing demands for electrical 


energy 









AEG 55 MVA generators in 
Petdjaskoski Power Station, 


Finland AEG waterwheel alternators 










have proved their unfailing 






reliability. 






More than sixty years expe- 


















rience, skilled craftsmen, spec- 



















T ialized research and produc- 











tion methods, ensure first-class 
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i= 











“4 s technical design and quality 














of the equipment. 





Write your local AEG distributors for a 
copy of publication Ex 1170. 


8775¢ 


ALLGEMEINE ELEKTRICITATS-GESELLSCHAFT 


Berlin (West) EXPORT DEPARTMENT Frankfurt (Main) 
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Oriental porcelain has a history of several thousand years. Strong porce- 
lain is nothing new to NGK who has long ago perfected its outstanding 
developments in the field of high voltage insulators through a background 
of over 40 years. 


Suitably designed hardwares and experienced assembling techniques combine 
to constitute an integral basis on which NGK embodys its unsurpassed 


features of uniformity and durability. 


You get so much more out of NGK Insulators. 







Cable: INSULATOR Nagoya. TELEX: NGK-NG9928 


N: Ge a Be . | Represented in all major territories 
vr | LTD 


“47 SION 


SAC A> Soop. Be, Gener: Anwar: In. Mare 
VENICE (ITALY) - Accademia 979/A - Telephone 85.060 


Normal, special and prestressed 
reinforced concrete Penstocks of any 


diameter and pressure. 
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SURGE TOWER in prestressed reinforced 
concrete (Diameter 6 metres, Height 
60 metres) for the MEDUNA Hydro- 
electric Station of 


re we 


SOCIETA AGRICOLA INDUSTRIALE PER 
LA CELLULOSA ITALIANA DI MILANO 





SALZGITTER 
BUNKER TRAIN 








the acme of efficiency in mining and 
tunnel development 


SALZGITTER-BAD 





Ti FR. of Germany _— telex. samagstr. 0 953 8CS wire: 
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WATER SUPPLY 
POWER PLANTS 
LOCKS AND DOCKS 


RANSOMES & RAPIER LTD., IPSWI@H, ENGLAND 
A Newton Chambers Company 
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ST GERMANS—ENGLAND 
KOTRI-PAKISTAN 

MULSHI DAM-INDIA 
USKMOUTH-WALES 
SUNDERIGAL—-NEPAL 
WAYATINAH-TASMANIA 
BOERASIRIE—BRITISH GUIANA 
BRISTOL AVON—ENGLAND 
BELVEDERE—ENGLAND 
KINCARDINE-SCOTLAND 
THOMSON RIVER WEIR-AUSTRALIA 
HIGH MARNHAM—ENGLAND 
KABO-BURMA 
ABERTHAW-WALES 
BRADWELL—ENGLAND 

GLEN BEAG-SCOTLAND 
FFESTINIOG—WALES 
NOOITGEDACHT—SOUTH AFRICA 
ABEOKUTA-OGUN —WESTERN NIGERIA 
NERIAMANGALAM-KERALA—INDIA 
NEUQUEN-ARGENTINA 
ASWAN-EGYPT 

NAG HAMMADI-EGYPT 
POLLAPHUCA-EIRE 
INISHCARRA-EIRE 

WELLAND RIVER—ENGLAND 
RIVER TRENT—ENGLAND 
VAITARNA-CUM-TANSA-INDIA 
JOG FALLS—INDIA 
KRISHNARAJASAGARA-—INDIA 
KHATIMA-INDIA 
WARRAR-IRAQ 

KUT-IRAQ 

SAMARRA-IRAQ 
KEDAH—MALAYA 

PERAK RIVER—MALAYA 
TEPUXTEPEC—MEXICO 
ATIAMURI-NEW ZEALAND 
WAITAKI-NEW ZEALAND 
OSHOGBO-NIGERIA 
MANGAHAO-NEW ZEALAND 
N’CEMA-RHODESIA 
BREADALBANE-SCOTLAND 
UMGENI-SOUTH AFRICA 
WELMORE LAKE—ENGLAND 
EMBARCADEROS-—SPAIN 
COFRENTES—SPAIN 
GEZIRA-SUDAN 
MONTEVIDEO—-URUGUAY 
MUCOMIR-SCOTLAND 
SUKKUR—PAKISTAN 

BALA LAKE—WALES 

VAAL HARTZ WEIR-SOUTH AFRICA 
MANCHESTER SHIP CANAL—ENGLAND 
HOBHOLE—ENGLAND 

GLASGOW WEIR-SCOTLAND 





Kuljian experience in water resources development 
makes possible the undertaking of every phase of 
your water utilization project. The Kuljian staff of 
internationally recognized specialists has supervised 
the design and construction of many of the world’s 
largest hydroelectric stations, pumping plants and 
water resources development projects. 


Kuljian brochures illustrate and detail the diversity 
of Kuljian services. Write for copies today. 


ADDITIONAL KULJIAN SERVICES 


Surveys « Investigations *« Reports + Water Resource 
Development « Reservoirs and Dams « Hydroelectric Power 
Stations « Transmission and Distribution Sub Stations «+ 
Pumping and Filtration Plants *« Tunnels and Aqueducts «+ 
Irrigation and Flood Control « Other Reclamation Activities 


DESIGN + ENGINEERING « PROCUREMENT + CONSTRUCTION « REPORTS 
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HYDRAULIC STRUCTURES 


Roller gates particularly lend themselves for installation in rivers where sediment 
drift and ice prevail. For fine regulation of the water level gates can either be 
designed as submersible rollers or fitted with superposed flap. 
Illustration shows roller weir in River Main near Rondersacker, consisting of : 
1 roller gate of 25.0 m clear width and 5.15 m water head, 

(gate can be lowered by 1.3 m), 
1 standard type roller gate of 25.0 m clear width and 5.15 m water head, 
1 standard type roller gate of 30.0 m clear width and 5.15 m water head. 


MASCHINENFABRIK AUGSBURG-NURNBERG AG - GUSTAVSBURG WORKS 
GUSTAVSBURG/HESSEN (GERMANY) - REPRESENTATIVES IN ALL COUNTRIES 
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MOVEMENT of materials... that’s the secret of meeting 
schedules on great projects. Getting the stuff in, putting the 
machinery on the job — half the battle is won when the 
movement is unhampered, when the equipment which handles 


the gear does so with unfailing reliability. 


Henderson Cableways fit the description. Not only is each 
component built to the highest degree of engineering skill — 
Henderson Cableways are undoubtedly the most economical 

method of moving big loads on the majority of dam, 
barrage, bridge or viaduct contracts. Confirmation of this fact 
lies in the considerable number of cableways we have 
installed at vast projects throughout the world. 


Henderson ¢ABLEWAYS 


JOHN M HENDERSON AND CO LIMITED: KING'S WORKS : ABERDEEN 
P5069 
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all the cable at Hunterston 


19,500 yards of Pirelli-General 132 kV. single-core 
oil-filled cable are being installed between the 
transformers at the power station and switching 
station. The insulation of this cable is designed for 
110 kV/cm. maximum working stress. 

With the completion of this installation the whole 
of the cabling at Hunterston will have been carried 
out by Pirelli-General. 

Hunterston is being constructed by the G.E.C.- 
Simon Carves Atomic Energy Group. Consulting 
Engineers to South of Scotland Electricity Board, 
Kennedy and Donkin. 
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SOUTHAMPTON AND EASTLEIGH 
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The first of the two 
single phase alternators 
50,000 kVA, 16 2/3 cycles, 
500 r.p.m. for the 
Goschenen power station 
(Switzerland) after having 
been transported on site 
is now under erection. 






























































Manufacturers: 


Oerlikon Engineering Company ¢ Zurich 50 (Switzerland) 
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All types of 


mechanical handling plant 
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hydro-electric intake works ... 


STEELHO/IST.WORKS 
BRISTOL 2 ENGLAND 


TELEPHONE BRISTOL 78331 
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GLENFIELD SCREENS 


for Intakes 


Of the built-up bar type in fixed and removable styles for 
tunnel or turbine intakes, to suit requirements. Illustrated is 
a large fixed screen in course of incorporation into tunnel 
inlet works of a hydro-electric scheme in Scotland, and a 
removable screen with trash trays and side rollers under 


manufacture. 
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Head Office and Works: 
KILMARNOCK - SCOTLAND 
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KMW have recently 
delivered two Francis 
turbines to the Swedish 
power station Trangs- 
let, belonging to Stora 
Kopparberg. The first 
unit was put into ser- 
vice in January and 
the second in March, 
1960. The _ turbines 
have a combined out- 
put of 280,000 HP at 
140 m (459 ft.) net 
head and 2/4 r.p.m. 


AB KARLSTADS MEKANISKA WERKSTAD 


KARLSTAD - SWEDEN 


1960 




















a 





Runner of welded construction for 
one of the Trdngslet turbines 


Butterfly Valve for one of the Trangslet 
turbines. Blade dia. 4.5 m (14 ft. 9 in.), 
head 140 m (459 ft.). The valve, which 
is placed immediately before the spiral, 
is operated by means of a hydraulic 
torque actuator. When the valve is shut, 
the water pressure on the blade is 2,400 
tons. 
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INSULATORS 


220kV in Tasmania 


Doulton BB 26 post insulators, for 220 kV working voltage, installed at the 





Chapel Street sub-station near Hobart of the Hydro Electric 


Commission of Tasmania. This station will eventually be enlarged 


to 560 MVA to supply the Hobart district. 


DOULTON INDUSTRIAL PORCELAINS LIMITED 


ROYAL DOULTON POTTERIES WILNECOTE - TAMWORTH - STAFFS. 
RITISH 


Ascending a 540 foot vertical shaft in the 
rock, twelve single-core 330,000 volt oil- 
filled cables link the Kariba power station 
with the transmission lines above. 

To overcome installation difficulties each 
cable was produced in a continuous un- 
jointed length, the longest being 665 yards. 
Total length of 330,000 volt cable supplied 
— 6,718 yards. 





These cables, operating at the highest 
voltage in Africa, were designed, manu- 
factured and installed by the BICC Group. 


The Electrical and Mechanical Consulting 
Engineers : Messrs. Merz & McLellan. 


330,000 VOLT CABLES 
AT KARIBA 


A length of 330,000 volt cable being drawn off the drum. 





—— ear 
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SSP PRE Bawa: 


Installing a 330,000 volt cable termination. 
j (Copyright: Federal Power Board) 


RITISH INSULATED CALLENDER’S CABLE 








“WOOD STAVE for HYDRO-ELECTRIC PIPELINES” 


In rugged mountain and fertile valley this versatile 
conduit has demonstrated unparalleled economy and 
ease of construction. 

Wood stave pipe is assembled from manufactured 
components easily shipped to the most remote sites. 
It can be constructed over the most difficult terrain 
and complex contours by local labour. For these 
reasons, wood stave pipe is frequently the only 
economic solution available for penstocks, high-line 


conduits or irrigation projects. 


Our recent publication: CONTINUOUS STAVE 
WOOD PIPE, reveals details of history, uses, 
construction and maintenance, together with design 


data and flow tables. 


Write for your copy. 


e 


DIAN WOOD PIPE & TANKS LIMITED 


550 Pacific Street, 
Vancouver 2, British Columbia, 
Canada 





TE C HK N 0 >, 4 a 0 R T 56, Vaclavské namesti Prahar #1 CZECHOSLOVAKIA 


Visit our display stands at the Brno International Trade Fair, 11-25th Septemby 





PENSTOCKS, PRESSURE SHAFT LININGS 
FOR ALL WORKING PRESSURES 


GIOVANOLA 


Monthey-Switzerland 
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Introducing... 
The Short simLac 


to be more exact 


THE SHORT SIMLAC ANALOGUE COMPUTOR 


Shorts, who have produced more analogue computing equipment 
than any other company outside the USA, have built all 

their experience into the new SIMLAC high accuracy analogue 
computor. The instrument is designed for the computor user 

and equipped to his specification. Easy to operate, 

simple to set up, with greater flexibility and higher operating 
standards than those of any comparable computor in 

the world today, the SIMLAC has a virtually unlimited range. 

Itis suited in particular to problems of nuclear kinetics, 

chemicai process control and electrical generation. 


0.01% oven-stabilised computing elements 
Detachable patch panels give complete flexibility without crossed cords 


Repetitive and continuous operation 


na 
* 

*K 

* Unique high performance amplifier 

* Unrivalled comprehensive automatic selection, setting and checking systems 
* 


Punched tape programming as optional extra 


Write for illustrated brochure and data sheets to 






COMPUTOR SALES DEPARTMENT SHORT BROTHERS & HARLAND LTD 


EAST INDIA HOUSE, 208a REGENT STREET, LONDON, W.1, 
















KARIBA —Electricgn 


THREE HUNDRED MILES downstream from Victoria Falls, where vast power goes to waste in a magnificent 

display, the waters of the Zambesi are being harnessed to supply electricity to the whole of C 

Northern and Southern Rhodesia. The world’s largest man-made lake, with an area bigger than the 

whole of the county of Kent, will store sufficient water power to generate 8} million MWh of electricity 
annually. When the first stage of the plan is completed in 1962, six 100-MW generators will be ( 
operation. By the early 1970s it is planned to raise the total generating capacity to 1,500 MW. 
From Kariba this power will be distributed to the growing industries 

and cities of the Rhodesias and particularly to the Copper Belt. 
Much of the major electrical equipment for this great project is being supplied by AEI. 
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Partly assembled stator, 
showing foundations for 
thrust block. 


Mess ond Ae rem ne and aes 
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330 kV 7,500 MVA 
circuit breakers at 


“=| Grand Scale 












AT THE HEART OF THIS TREMENDOUS SCHEME are 
the six 100-MW AEI generators—the largest 
hydro-electric generators in Africa. Power is 


distributed at 330 kV which is the highest 





voltage to be used in the Southern hemisphere. 
For switching this power at Kariba and at the 


six sub-stations in Northern and Southern 









One of the six J 
100-MW generator 
rotors being 

lowered into its stai 


Rhodesia, AEI is to supply 25 oil circuit breakers, 






over 100 isolators and ancillary equipment. 






AEI contracts also include the provision of 50 









miles of cables, including control cables, co-axial 






and telephone cables and lead-covered cables for 






the underground power station. 











» 


A section of the 330-kV 
switchyard at Kariba 
showing the equipment 
to control the feeder to 
Lusaka and Kitwe in 
Northern Rhodesia. 
The dam can 
be seen below. 












Associated Electrical Industries Limited 






33, GROSVENOR PLACE, LONDON, SW1 





"Il 


THAT'S BUTTERS THAT WAS 


| WITH APOLOGIES TO 5 inf - ; i 


whose new building in London is here seen being erected 
by Sir Robert McAlpine & Sons with the capable assistance of 


4) || BUTTERS 
ip ye) | ~=MONOTOWER 
Au)! CRANES 


Obviously these cranes are ideal for the erection of any high structure, 
particularly hydro-electric dams, where the small base area, great radius and 
height of lift are invaluable assets. On such contracts they have been widely 


used. 


























Six 5-ton Mcnotowers are in use 
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BUTTER BROS. & CO. LTD., , cial 


MACLELLAN STREET, GLASGOW, 
AND AT LONDON, BIRMINGHAM G&G NEWCASTLE 
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Spiral case for one of the two A-C Francis turbines at Mammoth Pool (each rated 88,000 hp 


under 950-ft head at 360 rpm). 
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Butterfly-type turbine inlet valves—designed for 
minimum head loss, are bolted directly to 69 
inch diameter spiral case inlet flange. 





HOWELL-BUNGER valve for pressure relief — 
one of two 36-inch Allis-Chalmers pressure- 
regulator valves at Mammoth Pool, in operation 
under heads exceeding 1000 feet. 


Peaking capacity using high-head hydro 


...boosts coast utility hydro past the million-kw mark 


Two Allis-Chalmers hydraulic tur- 
bines installed by Southern Califor- 
nia Edison Company at the new 
Mammoth Pool project operate un- 
der a maximum gross head of 1100 
feet. After careful consideration of 
the relative merits of Francis and 
impulse-type turbines, the Francis 
type was selected for this high-head 
installation. Operation of these units 
as “spinning reserve” required spe- 
cial care in design and manufacture 
to minimize leakage losses. 
Corrosion-resistant wearing plates 


and gates are precision machined to 
permit total gate end clearances at 
assembly of minus nothing to plus 
3/1000 of an inch. 

Cooling water is piped to the run- 
ner seal rings and a complete tail- 
water depressing system was in- 
cluded by A-C. To facilitate 10- 
second load rejection and mainte- 
nance of minimum downstream 
flows, A-C supplied two Howell- 
Bunger, free-discharge type, pres- 
sure-regulating valves. Two special 
high head 90-inch butterfly-type in- 


let valves are provided with corro- 
sion-resistant seals and seat rings 
adjustable from the outside. A 60- 
inch Howell-Bunger valve and a 
72-inch butterfly guard valve are in 
the reservoir dam outlet works for 
water release when required. 

Look to Allis-Chalmers for engi- 
neering, design and manufacture of 
hydraulic turbines and accessories. 
Contact your local A-C office for in- 
formation or write Allis-Chalmers, 
Hydraulic Division, York, Pa. 4.1333 


Howell-Bunger is an Allis-Chalmers trademark. 


Outside United States contact Allis-Chalmers International, or in Canada, Canadian Allis-Chalmers 
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HIGH VOLTAGE INSULATORS 


The outstanding quality of S & PP insulators is the 
result of over 30 years’ experience in the manufacture 


of high voltage porcelain insulators. 





@ Overhead line insulators 
@ Switchgear post insulators 
@ Transformer bushings 


@ Insulators for railway 
electrification 
@ Custom-made porcelains 


STEATITE AND PORCELAIN PRODUCTS LIMITED 


STOURPORT ON SEVERN, WORCS. TEL: STOURPORT 2271 GRAMS: STEATAIN, STOURPORT S.P.103 
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FERRANTI LTD - HOLLINWOOD - LANCS - Tel: FAlisworth 2000 
London Office: KERN HOUSE - 36 KINGSWAY - W.C.2 - Tel: TEMple Bar 6666 | 
' ' 
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The completion of yet another big Hitachi job was recently 
marked by the successful factory tests of a 137,500 kW 
Francis Turbine. This is the first of a pair to be built, 
together with two 125,000 kVA generators for the Miboro 
Power Station in Central Japan. 


This vertical-shaft Francis Turbine is specified for a speed 
of 225 r.p.m., a maximum effective head of 200 m. and 
76.6 m’/sec. water flow, making it one of the largest units 
of its kind in the world. Its runner has a maximum diameter 
of 3.7 m. and the main shaft a diameter of 95cm. The spiral 
casing, which was constructed in 13 sections to facilitate 
transportation to the site, has an inlet diameter of 3.35 m. 
and an outer diameter of 11.2 m. 


‘ Ltd. 


Toxyo Japan 





Cable Address: “HITACHY" TOKYO 
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ACHIEVEMENT IN THE WILDERNESS 


GIVE the beaver a valley. a stream 
and enough trees and there’s no limit 
to the efforts he’ll make. Dams a thou- 
sand feet long containing as many tons 
of material, holding back ‘ponds’ 
thousands of acres in extent—canals, stretching 
\ for hundreds of yards to a particular stand of tim- 

ber—two-storey ‘houses’ sometimes forty feet in 

diameter—a strange and wonderful ‘civilisation’ 

flourishing where once the forest stood unchal- 


Cemented with frozen mud, the beaver’s lenged. 


lodge shelters him from the elements and 
his many enemies. The lower chamber, 
entered from underwater, is his ‘dining 
room, while above it, the sleeping space 
with cedarwood shavings or 


is lined 


On an infinitely greater scale but with the same 
inexhaustible energy and aptitude for the job we 
are creating the mechanism of modern life in places 
which for centuries have withstood the encroach- 
peened gute. ment of man. Like the beaver, we are eager to build 
—and the wilderness is a challenge to be met and 


conquered. 
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MITCHELL GONSTRUCTION 


_—_—_— Eee 


BUILDING & CIVIL ENGINEERING CONTRACTORS 


THE MITCHELL CONSTRUCTION COMPANY LTD. 


PETERBOROUGH 














WHARF WORKS 









WATER 


POWER July 1960 


we 
w 





VOW AN FI 164 ore" rt 
SVCCVATN=Z eC. 


1} \\ hig 
Ma JU\W Ul % 





‘ 
a 


HEAD OFFICE: WiSHI, 6-CHOME, TSUMORI-CHO, NISHINARI-KU, OSAKA, JAPAN CABLE ADDRESS: “SAKATETSU OSAKA” 
TOKYO OFFICE: NIHONBASHI-GOFUKUBASHI, CHUO-KU, TOKYO, JAPAN CABLE ADDRESS: “SAKATETSU TOKYO” 
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With its four 120 MVA auto-transformers the Clyde’s Mill substation 
of the South of Scotland Electricity Board was the first in Scotland to come 
into service on the 275 kV grid. 


RECENT CONTRACTS INCLUDE 


Four 240 MVA 275/132 kV auto-transformers, the largest auto-transformers 
yet ordered for Britain, for the Windyhill and Neilston transmission substations 
of the South of Scotland Electricity Board. 


Two 225 MVA 16/285 kV generator transformers, the largest double-wound 
transformers so far ordered for Scotland, for the Kincardine-on-Forth 
power station of the South of Scotland Electricity Board. 


Four 30 MVA 220/66 kV transformers and seven 15 MVA single-phase 
units to form two 45 MVA 220/22 kV three-phase banks (one spare unit) 
for the State Electricity Commission of Victoria. 


Two 90 MVA 275/33 kV transformers for the Ravenscraig substation 
of the South of Scotland Electricity Board. 


BRUCE PEEBLES & CO LTD 


ENGINEERS - EDINBURGH 
Telegrams : ‘PEEBLES, EDINBURGH’ Telephones : Edinburgh (Granton) 83261 (7 lines) 


Branch Offices in 
London, Manchester, Birmingham, Cardiff, Newcastle upon Tyne and Glasgow 
Representatives in all principal countries overseas. 
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BUILDING 
FOR 


POWER 


Huwood Conveyors are in wide 
use, not only in Britain but 
throughout the world—one of their 
most important applications being 
in the work of dam building for 
hydro-electric schemes. 

They have been chosen because 
they offer the highest degree of 
adaptability to varying sites, the 
utmost reliability, and the mini- 
mum of routine maintenance. 








. 


Huwood Conveyors 


HUGH woaooonbD co. LTD. 


He flice i Exe t fice 
GATESHEAD @) FINSBURY SQUARE, LONDON EC2 
T j Telept e © Monarch 3273 (4 Iines 


Huw 4 Gateshead 
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The sound qualities 


of Neyrpic turbines 


were again confirmed 


at Bersimis 


when the efficiencies 


of units 5 to 8 


exceeded 


the guaranteed values 





Guaranteed under 840 ft 166,000 HP 
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Efficiencies Efficiencies 
gvoranteed obtained 
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BERSIMIS 


Bersimis Neyrpic turbines 
exceed expectations ! 


140,000 160,000 
HORSE POWER UNDER 840 ft 


166,000 HP 
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Maximum reached 


177,000 HP 





ANEW 
SYMBOL 


In the power cable field, too, a new cable drum FOR 
symbolises the combined resources of Henley’s, E aN POWER a 
Liverpool Cables and Siemens Ediswan. ee 
For super-tension cables to the 
highest voltages or low tension 













paper or plastic insulated mains bb 
cables, AEI leadership is 
unsurpassed. 

You can rely on AE] 






Ween sy 


CAEIDCABLE DIVISION 


Associated Electrical Industries Ltd 


51-53 Hatton Garden, London, E.C.1 
Phone: CHAncery 6822 
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“Jansen” Chain of Hydro-Electric Power Stations 
on River Pfreimd 


TANZMUHLE Power Station: 

3,900 hp vertical-shaft Francis spiral turbine operating at 

27.1 m (89 ft.) head and pumped-storage set comprising 

38,000 hp Francis spiral turbine operating at 122 m (400 ft.) head 
and 31,300 hp storage pump delivering against 127m (417 ft.) head 


REISACH-RABENLEITE Power Station: 

3 pumped-storage sets comprising: 

47,000 hp Francis spiral turbines operating under 180 m (590 ft.) 
head and 37,500 hp storage pumps delivering against 190 m 

(624 ft.) head. (Two sets are already in operation) 


TRAUSNITZ Power Station: 

2 Kaplan turbines, rated capacity 600 hp and 1,890 hp respec- 
tively, operating at 13 m (43 ft.) head. 

Shut-off valves, starting turbine and automatic control supplement 
the hydraulic equipment. 

The entire equipment was designed, constructed and built by us. 


The photo shows the workshop assembly of the hydraulic equipment for the 
TANZMUHLE Hydro-Electric Power Station 


~ 
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Senentne eT 


© J.M. VOITH GMBH - HEIDENHEIM (BRENZ) - GERMANY 














does one choose 





this is one 
of the many reasons... 


The ratings of a circuit breaker can be 
validly supported only by suitable 

type tests proving the circuit breaker 
behaviour under the worst conditions 
which must be faced on service. 


The MT circuit breakers (see illustration) 

of SCARPA e MAGNANO underwent, for each 
service voltage, the type tests required 

by the I. E. C. International Standards, 

at the official Laboratory of KEMA, in 
Holland. 


The certificates proving the favourable 
result of these tests are kept by 
SCARPA e MAGNANO at the disposal of 
customers. 








33 kv 











SCARPA e MAGNANC 











SCARPA e MAGNANO - VIA MANZONI, 12 - MILANO (ITALY) 





PLEASE SEND ME INFORMATION ON: 
O H.V. CIRCUIT BREAKERS (0 
O M. V. CIRCUIT BREAKERS (2 


ISOLATORS 
INSTRUMENT AND PROTECTIVE TRANSFORMERS 





NAME TITLE 
COMPANY 


STREET 








ciTy STATE 
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small - oil - volume circuit breake 

metal - enclosed air - insulated switchgé 
instrument and protective transforme 
isolate 

switchboards and control dest 
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Contributing 
Toshiba to Your 


Better Living! 


Heavy electric equipment for 
‘domestic and overseas use is being 
sent out one after another from 
Toshiba’s Tsurumi Works. 
Shown here (right) is one of the 
3 scheduled 133,000 kVA genera- 
tors—the second largest in the 
world—to be installed at Oku- 
tadami Power Station in central 
Japan. 

You can also see part of the 58, 
OOOKVA generator at the corner 
of the picture, which is now in 
operation at Mazatepec Power 
Station in Mexico. 

And. . . Toshiba is working on the 


next one. 
133,000 kVA water wheel generators for Okutadami Power Station 


TOKYO SHIBAURA ELECTRIC CO., LTD. 


2, Ginza Nishi 5-chome, Chuo-ku, Tokyo, Japan Cable: TOSHIBA TOKYO 
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eo ae 
FOR THE WORLD'S HIGHEST VOLTAGIRA 


the air blast 
circuit breake, 





type AE 


A range of breakers 
from 70 kV to 525 kV 


Breaking capacity : 
30,000 amp. rms. 


Besides properties peculiar to the® 
technique of air blast circuit 
breakers the type AE apparaters’ 
provides: 


o Breaking with high r.r.r.v. and 
ability to interrupt a kilometri¢ 
fault. 

Breaking of currents in 
unloacod power transformers 
with low overvoltages 
Low air consumption. 


Negligible burning of contacts.) 


<a> 


Ateliers de Constructions Electriques de 


Delile ig 


25 CHEMIN DE CYPRIAN VILLEURBANNE (RHONE) 


OF THE “ COMPAG 





il ssiseemaalll 
\GRANSMISSION LINE 





SAVOISIENNE 


AIX-LES-BAINS (Savoie) 


NERALE D’ELECTRICITE” 






The Power stations Ministry of the U.S.S.R. has 
entrusted to SAVOISIENNE the manufacturing of three 
groups of three-phase transformation: 


two of 270 MVA and one of 300 MVA, intended for the 
transmission line of 525 KV, the only one in the world 
operating at present at this voltage. 


The two groups of 270 MVA are each formed by three 
single-phase autotransformers of 90 MVA with three 
windings and a voltage radio of 525V3/115V3+or 
—10%/11 KV, and including an incorporated on-load 
tap changer on the 115 KV winding of + or —10 % steps. 









Hydraulic rod end trunnion mounted type 
control cylinders. Two for each gate. 


















CONTROLLING THE FLOW OF NIAGARA 


The flow of Niagara, one of Canada’s greatest sources of electric power, is 
controlled by Vickers-built submersible gates of the “‘fishbelly” type. 


Working with the M.A.N. Company, a Canadian Vickers associate, who designed 
the 100 ft. wide section welded gates, thirteen gates were supplied along with 
twenty-six servomotors and thirteen pumping sets which were entirely engineered 
by Canadian Vickers. 

These gates are another example of the precise engineering that goes P 
into ail Vickers-built water control equipment. \ 





Upstream View of 
gates during erection 
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aN LIMITED 
MONTREAL @ TORONTO 
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For 30 years Messrs. A. Salvi and Company, Milano, Italy, have specialized in the design and manufac- 
ture of complete equipment for Overhead Transmission Lines, including Compression Dead End Assem- 
blies and Joints. The Works of the Salvi Company are engaged exclusively in the production of high 
grade fittings for High Voltage Transmission Systems, up to and including voltages of 220/380 KV 
and for all sizes of Copper, A.C.S.R. and Aluminium Alloy Conductors. 





SOLE REPRESENTATIVES INSTHE U NITED KINGDOM AND THROUGHOUT ALL DOMINION COUNTRIES 
(EXCEPT AUSTRALIA AND NEW ZEALAND) AND BRITISH COLONIES AND PROTECTORATES 


THE ENGLISH SALVI COMPANY LTD., West «oad, Northumberland Park, 
Telephone: TOTTENHAM 6611 Tottenham, London, N.I7 
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Speedy, easy, one-man Simple operating mech 
control against full un anism—;no_ separate 


balanced pressure protective devices 


Minimum friction loss 
and no wear on valve 


seats 


Self-cleaning action be 
tween body and plug with 


no face-to-face friction 


fluid 
control 


s 


if 


Water-hammer controlled 


ra 
D4 
S 


by positive valve timing Ci 
and good design charac- & 


teristics 


No underground chamber 
is required: the operating 
Supplied in standard sizes mechanism can be com- 
from 12 -72 with electric pletely sealed 
moto. hydraulic or 
pneumatic servomotor 0! 


manual drives 


LONDON AND EXPORT SALES OFFICE: HARLAND HOUSE 20 PARK STREET WI 
Branches in BRISTOL GLASGOW LEEDS NEWCASTLE NOTTINGHAM TIMPERLEY (CHESHIRE) WOLVERHAMPTON AND OVERSEAS 
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The toughness of ‘“‘Power Vane’’ Rotary Compressors 


operating conditions is ensured by the great strength of 
construction. That’s why leading contractors throughout 
the world specify “Power Vane” Rotary Portable Air 
Compressors, because they know that Power Vane Com- 
pressors pass the test of tough conditions. 


An earth embankment which collapsed on a 
big contract in the Far East, completely buried a large 
amount of plant and equipment—including two “Power 
Vane” Rotary Portable Air Compressors. Yet when salvage 
operations were completed the two “Power Vane” Plants 
started at the touch of a button. Apart from superficial 
damage, the rigid construction withstood the weight of 
debris, and there was not the slightest effect on the per- 
formance of the compressors! There’s proof of “Power 
Vane” toughness! 
“Power Vane’s” 


reputation for toughness under all 


CONSOLIDATED PNEUMATIC TOOL COMPANY LIMITED 


Consolidated Pneumatic 


DAWES ROAD LONDON 


Affiliated and Subsidiary Companies throughout the World. 


WATER POWER July 


S.W.6. 


1960 








1960 





WATER 


POWER 


A technical journal devoted to the study of 
all aspects of hydro-electric development 





Europe’s Electric Power Supply 


DOCUMENT issued recently by the United 

Nations* aims at providing information on de- 

velopments in Europe’s electric power supply 
during the postwar period. This information was not 
formally requested by the Committee on Electric 
Power, but the Secretariat considered that it would 
be of value to make it available at the present time. 
The data given concern the production and consump- 
tion of electric power, transmission equipment and 
international transfers and exchanges. Of these we 
propose only to refer to the generation of hydro- 
electric power. 

In 1946 the maximum possible output of hydro 
power in Europe was 23,800 MW whereas in 1956 it 
was no less than 53,000 MW. An additional capacity 
of 29,200 MW has thus been made available during 
the decade under review, representing an average 
annual increase of 8-3%. The end of the war period 
was marked by a rapid growth in demand as well as 
by a shortage of capital for constructing new plant, 
but fortunately technical progress provided a means 
of executing schemes hitherto considered almost im- 
possible owing to the geographical and topographical 
conditions at the site. It would thus seem, therefore, 
that costs in most European countries have not in- 
creased very substantially, despite the harnessing of 
some of the less desirable sites. This has been achieved 
largely by improving the mechanisation of the vari- 
ous large-scale civil-engineering works, by adopting 
special methods of building to save the use of ex- 
pensive materials and to enable full advantage to be 
taken of all the topographical features of the site. 
Also, since the war, a number of underground power 
stations have been built, and in these full advantage 
has been taken of improved drilling techniques so 
that the results have generally proved most econom- 
ical. It is this improvement in drilling technique which 
has likewise led to the construction of long inter- 





* “Developments in the Situation of Europe’s Electric Power Supply 
Industry during the Post-War Period.’’ Sales No. 59.11.E/Mim.29. 
1959. Obtainable from the Sales Section, European Office of the United 
Nations, Palais des Nations, Geneva, Switzerland: price $1-50 (U.S.); 
10s. 6d. stg.; 6°50 Sw. Fr., or may be ordered through any Sales 
Agents for the United Nations in local currencies, 
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connecting tunnels to link adjacent catchment basins 
and to enable the flow from several catchments to be 
used in a single power station. Improved tunnelling 
and injection methods have led to the construction of 
tunnels and shafts in poor quality rock, which has 
been made perfectly impermeable. 

This has been accompanied by a tendency to in- 
stall hydro generating plant of increasing capacity 
with a view to reducing costs. The biggest sets up to 
1956 are those of the Kuibyshev plant which were de- 
signed for a capacity of 105 MW and at a head of 
only 24 m. This capacity has now been exceeded, of 
course, by the Chute-des-Passes machines in Canada 
which are estimated to have an output of 265,000 h.p. 
at the maximum head of 640 ft. 

In France and Germany, bulb sets consisting of a 
propeller or Kaplan runner, coupled to a generator, 
have been installed. These are of some importance in 
the construction of miniature stations designed to 
exploit fairly poor hydro resources or to cover local 
needs in the absence of an interconnected network. 
These units have given great impetus to the con- 
struction of tidal schemes which would otherwise be 
very difficult and expensive to implement. 

A recent tendency in regard to hydro plants has 
been to install a fairly high capacity to enable them 
to be used for peak loads. This has been done largely 
to reduce the load fluctuations on thermal plants so 
that fuel can be saved. This should ceriainly prove 
to be useful when nuclear power stations become 
more common and are integrated with the general 
power scheme of a country, for it will then be pos- 
sible to keep them running at a high load factor and 
use the surplus power for pumped storage to be on 
tap for peak loads. Generation by pumped storage is, 
indeed, becoming developed more intensively owing 
to the introduction of nuclear power. Pumped-storage 
schemes are being built at Blaenau Ffestiniog, 
in Wales, and at Loch Awe, in Scotland, which will 
use surplus capacity at off-load periods. The scope for 
overall economy through this method of energy stor- 
age will increase, of course, with the installation of 
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more nuclear power stations, particularly if the oper- 
ating cost can be brought down. Apart from their 
value in providing peak loads hydro-power plants 
with storage reservoirs have also the advantage of 
providing a substantial and immediately available 
reserve of power. It is noticeable from the tables pro- 
vided in the report that in countries already possessed 
of very large reservoirs the ratio of reservoir capacity 
te annual producibility has fallen, whereas it is tend- 
ing to increase where the ratio is still relatively low. 

It is concluded that hydro-power installations will 
continue to provide a relatively cheap source of elec- 
tricity and a very useful means of production for the 
interconnected operation of power stations for the 
purpose not only of supplying peak power loads but 
also of providing an immediately available opera- 
tional reserve of electricity. 


Japanese Mission to Europe 


A DAM and public works study team from Japan 
have visited Europe during the last month with a view 
to establishing the best methods for building dams, 
deciding what materials to use, what plan, methods 
and machinery to adopt. The team visited Russia, 
India, France, England, Holland, Germany, Swiizer- 
land, Austria, Italy, Egypt and back to Japan again 
via Bangkok and Manila. The tour lasted over a 
month, starting on May 14 and ending on June 24. 
The mission was in high hopes of achieving something 
positive in the way of promoting more advanced 
methods of building dams and ancillary work and at 
the same time promoting goodwill between Japan and 
the various countries visited. The mission was headed 
by Shuji Suzuki, the executive secretary of the Japan 
Dam Association. 


Malpasset Disaster Interim Report 


THE Commission of Enquiry set up by the French 
Ministry of Agriculture to investigate the reasons for 
the collapse of the Malpasset dam last December (see 
WaTER Power, January 1960, p. 1) confirms that the 
disaster was due to a collapse of the foundation rock 
below the left abutment and that the design and con- 
struction of the dam were in no way at fault. The 
design calculations have been checked, using a series 
of ratios between the moduli of elasticity of the con- 
crete and of the rock, and have been found to be 
exact. Nevertheless, a calculation has been requested 
by the trial-load method, particularly with a view to 
checking the loading on the left abutment. 

Not only do the construction and test records show 
that the dam was built in accordance with the most 
approved techniques, but the soundness of construc- 
tion is confirmed by examination of, and tests on, 
concrete samples from the dam. Tests on specimens 
that included construction joints showed that they 
were well up to strength, and fragments from the 
foundation course had portions of rock firmly 
attached to them, showing that this course had been 
properly grouted. 

It had been suggested that the opening of the bot- 
tom emptying valve just before the disaster had con- 
tributed to the collapse, but the evidence was to the 
contrary. Previously the valve had been opened on 
some twenty occasions, without causing any erosion 
of the discharge channel, and the behaviour of the dis- 
charge in this instance was absolutely normal. 
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The major displacement of the left abutment and 
the movements of the standing parts of the dam ex- 
cept for those on the extreme right bank point clearly 
to a collapse of the rock below the left-abutment 
foundations. Tests are being carried out to determine 
the mechanical characteristics of the rock, and studies 
are being made in an endeavour to determine the 
reason for the rock failure and to define the mechan- 
ism of collapse. The possibility of some leakage 
through the rock at this point is being investigated. 

A final report will be issued in due course, in which 
it is hoped to make recommendations designed to pre- 
vent such a disaster in the future. In the meantime it 
is reassuring that the Commission is able to state 
categorically that the technique of the thin-arch dam 
—to which French engineers have contributed so 
much—had nothing to do with the tragedy. 


Tenders for Tasmanian Penstock 


THE Hydro-Electric Commission, Hobart, Tas- 
mania, is calling for tenders for the penstock for the 
Great Lake power development. This will be one of 
the largest-capacity high-head surface penstocks in 
the world, reaching a maximum static head of 2,730 
ft. at a diameter of 8 ft. 6 in. The total length is 8,730 
ft., comprising 3,110 ft. of steel-lined tunnel, 5,030 ft. 
of surface penstock and 390 ft. of steel-lined shaft. A 
notch-tough high-tensile s:eel (57,000 Ib. per sq. in. 
yield point) has been specified for the surface pen- 
stock and shaft, and it is proposed that field joints 
will be made by mechanical couplings although ten- 
ders on alternative designs will be considered. 
Tenders for the penstock close on August 1, and 
tenders for the distribution piping to the six machines 
in the 300 MW Poatina underground power station 
will be called shortly. In our February issue we an- 
nounced that Boving & Co. Ltd. had received the 
order for the first four Pelton turbines for this station. 


Indian Power Schemes 


A TENTATIVE allocation of Rs. 9,000 million has 
been made for power development in India during the 
third five-year plan. Of this total, generation schemes 
are likely to cost Rs. 6,210 million and transmission 
and distribution schemes Rs. 2,790 million. Electri- 
fication of villages is continuing and it is estimated 
that by the end of the second five-year plan, 17,400 
villages will have been electrified. The installed capac- 
ity will then be 5,800 MW as against 3,400 MW in 
1955-56. During the third plan a further 15,000 vil- 
lages will be electrified at a cost of Rs. 1,050 million 
and about 6,000 MW of installed capacity added. This 
will raise the installed capacity to 11,800 MW by 
1965-66. 

The State of Bihar plans to spend about Rs. 900 
million on electrification schemes. A power station 
with an ultimate capacity of 300 MW is proposed to 
meet the requirements of heavy industry near Ranchi. 
Other power stations proposed to be installed in the 
State during the third plan period include Bhurkunda 
(10 MW), Barwadin (150 MW), South Koel (80 MW- 
377 MW ultimately), and Subarnarekha (80 MW). 

In Rajasthan, the Rs. 180 million Rana Pratap 
Sagar hydro project, comprising the second stage of 
the Chambal River Valley scheme, will provide power 
to be shared equally by Rajasthan and Madhya 
Pradesh States. The Pratap Sagar dam will be 3,620 
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ft. long and 127-5 ft. high, and the power station will 
contain four generating sets, each of 32 MW capacity. 

The Government of Andhra has been authorised to 
commence work on the Upper Sileru project. esti- 
mated to cost Rs. 92:7 million, which comprises a 
power plant of 120 MW generating capacity. The 
Central Water and Power Commission is examining 
the feasibility of including in the third plan the Sri- 
sailam project under which a 330 MW power plant at 
Srisailam and one of 100 MW at Nagarjunasagar are 
to be installed. 


Safety in Civil Engineering 


THE Federation of Civil Engineering Contractors, 
London, has commented on criticisms in the House of 
Commons about the delay in introducing safety regu- 
lations in the civil-engineering industry. The Federa- 
tion says that the delay in introducing safety regula- 
tions for civil engineering has been due to statutory 
procedures. In the absence of regulations, the Federa- 
tion had issued a Safety Guide setting out recom- 
mendations on safety precautions which a factual 
analysis of the causes of several thousand accidents 
had shown to be the most important. Over 17,000 
copies of this Safety Guide had been issued. 

The Ministry of Labour was now trying a new ap- 
proach on the regulations under which the definition 
of “Work of engineering construction” would be ex- 
tended to include virtually all civil and constructional 
engineering work and the regulations would be 
brought out one section at a time. This new approach 
should speed things up. 

The spokesman for the Federation added that, 
while regulations could provide a sound framework 
of safe working practices, they could not in themselves 
prevent accidents. Analysis of the causes of accidents 
showed that the great majority were the result of the 
action of the individual operative, which as such could 
not be effectively covered in statutory regulations. The 
need here was for education and training and the 
Ministry of Labour report made a number of refer- 
ences to the Federation’s work in this field. 

Probably most important of all was the establish- 
ment of civil engineering safety training courses for 
young engineers, gangers and other supervisory per- 
sonnel. Some twelve courses would be run during 
1960 at five safety centres in different parts of the 
country, namely, Enfield, Birmingham, Aintree, 
Cardiff and Edinburgh. The Federation regularly ad- 
vised its members of their frequency rates for acci- 
dents and how their rates compared with the average 
for the industry as a whole. 


River Diversion at Benmore 


THE diversion of the Waitaki river at the site of 
the Benmore project, New Zealand, wil] take place 
on the week-end of July 29 and August 1 this year, 
conditions permitting. With the diversion the con- 
struction of the main dam, hitherto confined to the 
right bank, can be extended across the river bed to 
the left abutment and over the diversion culverts. De- 
tails are now being planned for the diversion, which, 
taking place in midwinter, will be helped by low river 
levels and the possible use of the control gates on 
Lakes Pukaki and Tekapo. It is expected that the 
effort needed to divert the Waitaki will not present 
anywhere near the same problem as with the Clutha 
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and the construction of the Roxburgh dam. During 
the actual diversion it is likely that the Waitaki will 
be flowing at its lowest level ever. 

Progress on the twin diversion tunnels has gone 
ahead steadily since construction started at the be- 
ginning of the year, and stockpiling of material for 
the upstream and downstream cofferdams is virtually 
complete. Work is in progress on the concreting of 
the gate chamber at the upstream end of the tunnels. 


Annual Report of B.C. Power 
Corporation 


THE 1959 Report records that the volume of elec- 
tricity sold during the year was 3-3 billion kWh, an in- 
crease of 9% over the previous year. The 1958 com- 
mon shares dividend rate of 35 cents per quarter was 
continued in 1959 and the consumption of electricity 
tripled during the ten-year period; the average home’s 
annual use of electricity increased from 1,977 kWh 
to 4,717 kWh. 

Some $72 million was spent by the company in 
1959 to increase its services, $35-6 million having 
been spent on new sources of electricity, both hydro 
and steam plant. Another $19-6 million was spent on 
transmission and distribution lines and substations re- 
quired to bring additional power to customers. 

Total electric generating capacity was increased 
30% during the year to 969,000 kW with the addi- 
tion of two 62,000 kW generating units at the Bridge 
No. 2 plant. Continued construction in 1960 will add 
a further 124,000 kW with the completion of the final 
two generating units at the Bridge No. 2 plant. 


Srisailam Project 


THE Government of Andhra Pradesh has allotted 
Rs. 1,500,000 for 1960-61 for preliminary work on 
the Srisailam hydro-electric project, estimated to cost 
Rs. 497,700,000 and with an installed capacity of 430 
MW. This project, in conjunction with the Nagarjuna- 
sagar project, envisaged an integrated development 
of the lower Krishna river basin with two power sta- 
tions, one at Srisailam and the other lower down at 
the Nagarjunasagar dam. The total power potential 
is of the order of 770,000 kW. The first stage of the 
project envisages the installation of three generating 
units each of 110,000 kW at the proposed Nagarjuna- 
sagar station. According to the phased programme of 
construction, it is anticipated that the power station at 
Nagarjunasagar dam site will be commissioned by 
about 1965-66. The Srisailam power station is ex- 
pected to go into commission by about the year 
1967-68. 


Snowy Mountains Annual Report 


HE Commonwealth of Australia has now issued 
the 10th Annual Report of the Snowy Mountains 
Hydro-Electric Authority for the year ended June 
30, 1959. During the year the first phase of the Upper 
Tumut works was virtually completed, the Eucum- 
bene-Tumut tunnel was brought into service, and the 
first two 80,000 kW units at Tumut I were put into 
commission. The 60,000 kW Guthega station, pending 
the construction of the Kosciusko reservoir, is at 
present in operation as a run-of-river station to pro- 
vide a “peak” supply to the New South Wales system. 

Eucumbene dam reached its maximum depth of 


253 





205-5 ft. and covered a surface area of 15 sq. miles. 
It now contains 381,860 acre ft. of water of which 
20,000 acre ft. are 2zbove minimum reservoir operating 
level. The lake is rapidly developing into an attractive 
tourist area and the Authority is co-operating with the 
New South Wales Chief Secretary’s Department, the 
Fisheries & Game Department of Victoria and the 
Monaro Acclimatisation Society to make sure that 
fishing and wild-life interests are developed to the 
fullest extent possible. 


Boving Turbines for Spain 


HE second of the two Boving turbines at Eume 
power station in North-West Spain was commissioned 
recently. These turbines are of the Francis type and 
operate at 600 r.p.m. and a head of 800 ft. Each is 
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World Records 


To the Editor, WATER POWER 

Nowadays, with the fast development of water 
power around the world it is very difficult to keep 
track of all large plants, and consequently it is some- 
what risky to claim a world record or even a more 
modest Southern-Hemisphere record. 

Your issues of January and March illustrate this 
situation. In the January issue there is a note on Ben- 
more, New Zealand, stating that at 540 MW the plant 
will be the largest in the Southern Hemisphere. In 
Brazil alone we have at least three plants in different 
stages of construction which are considerably larger— 
Cubatao, with 734 MW with all units already in- 
stalled, Paulo Afonso, with a final capacity of 1,000 
MW, with several units running and some under erec- 
tion, and Furnas, with 1,200 MW final capacity and 
now under construction. 

In the advertisement and editorial columns of your 
March issue there are no less than three claims for “the 
largest pumped-storage plant in the world”—Tus- 
carora, Blaenau-Ffestiniog, and Vianden. I believe it 
would be interesting to publish in one of your future 
issues condensed tables of the large hydro and 
pumped projects in the world, say above 500 MW. 

MaRIO BHERING, 

Vice-President, 

Centrais Eléctricas de Minas Gerais SA., 
Belo Horizonte, Brazil. 

[Conflicting claims to records in various aspects of 
hydro-electric development are continually being 
made, and our policy has always been to record such 
claims, stating that they are claims and without 
necessarily subscribing to their validity. 

To the best of our knowledge, however, Sr. Bher- 
ing’s claim that Furnas will be the largest hydro-elec- 
tric station in the Southern Hemisphere is incontest- 
able. ‘ 

According to our present information on the sub- 
ject of pumped-storage plants, the largest plant in the 
world now in operation is Liinersee, Austria, which 
now has five sets totalling 225 MW but has space for 
a sixth which will bring the capacity to 270 MW. The 
Tuscarora project, United States Niagara, to be com- 
nleted in 1961, will have a capacity of 240 MW. The 


254 








rated at 37,500 h.p. and is coupled to a 32,000 kVA 
A.E.I. generator. 

These machines were supplied under sub-contract 
to A.E.I. and are part of a hydro-electric scheme for 
F.E.N.O.S.A., to whom Boving and Co. Ltd. have al- 
ready supplied three 73,800 h.p. turbines for Los 
Peares power station while three more, of 105,000 h.p. 
each, are under construction for Belesar power 
station. 


Tibet’s Hydro Station 


T1Bet’s biggest hydro-electric power station has 
been put into operation in Lhasa by Panchen Erdeni. 
It has a generating capacity of 7,500 kW and the 
equipment for it was produced in China. 





Blaenau-Ffestiniog scheme, North Wales, when com- 
pleted in the Autumn of 1962, will have a capacity of 
300 MW. Contracts are now being let for the first 
stage of a 400 MW pumped-storage scheme at Loch 
Awe, Scotland. The Vianden scheme, Luxembourg, 
will have an ultimate capacity of 640 MW, and the 
first stage, of 400 MW, is expected to be in operation 
about the end of 1962. Thus the validity of the vari- 
ous claims mentioned in Sr. Bhering’s letter rests on 
the sequence of completion dates. All the foregoing 
ratings, incidentally, refer to generating capacity; 
pumping capacity is naturally different. 

The suggestion to publish a table of large hydro- 
electric generating plants is enticing but would almost 
certainly be liable to the dangers of omissions and 
inaccuracies. Nevertheless, the collaboration of in- 
terested readers in keeping us posted with up-to-date 
particulars of plants of, say, 500 MW and upwards 
would be most valuable, whether for use in a table 
such as that proposed or in some other manner.— 
THE EDITorR.] 


Meeting the Unexpected 
To the Editor, WATER POWER 

In the article “Meeting the Unexpected” in your 
May 1960 issue, we have found a wrong statement 
to which we should like to call your attention. 

It is correct that the power situation of south Nor- 
way last fall was very precarious on account of insuffi- 
cient water in the reservoirs due to exceptional 
drought. Oslo Lysverker (Oslo Light and Power Com- 
pany) was affected as a member of the grid system 
of south eastern Norway. Incidentally, our appeal to 
customers to save electricity on a voluntary basis, and 
also unexpected rain, helped to such an extent that it 
was unnecessary to carry out our plan for reducing 
consumption by turning off electricity for certain 
groups of customers. This plan consisted of a two- 
hour shut off per day between | and 5 p.m. in such a 
way that some districts were to be cut out from 1 to 
3 p.m., others from 3 to 5 p.m. This shut down proce- 
dure was meant mainly for ordinary household sub- 
scribers, while transportation and urgent industry 
were excluded. 

Your statement that the city’s trams were stopped 
at various times during the day, must therefore ob- 
viously have been based on a misunderstanding. 

Lars LJgsopt. 
Managing Director, Oslo Lysverker. 
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Fig. 1. The machine hall of Reisach power station 


The Jansen Pumped-Storage Scheme 


Economical and interesting civil-engineering designs and 
procedure have proved highly successful! in this scheme on 
the River Pfreimd in East Bavaria 


By Dipl.Ing. GERT NABER, Regensburg 


PART ONE 


HE Energieversorgung Ostbayern A.G. (East 

Bavarian Power Supply Company) decided in 

1952 on the construction of the Jansen pumped- 
storage scheme, named after the originator of the idea 
who was for many years a director of the company. 
This decision had been preceded by several extensive 
and very important economic investigations. The 
scheme represented a new departure for the company, 
which owned only a small number of power stations 
and had to rely in the main on imports from the 
Bavarian supply system. There was a possibility of 
obtaining government assistance, which was granted 
in the case of investments in the basic industries— 
coal, iron and electric power; this brought certain 
advantages in raising the necessary funds, but the 
general conditions as well as economic considerations 
pointed to the conclusion that the amount of money 
invested in the installations should be kept as small 
as possible. The designers were therefore set the task 
of evolving particularly economical designs and 
methods of construction, and as a result a number 
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of novel solutions have been adopted; special refer- 
ence will be made to these, in addition to a general 
description of the installation. The results achieved 
by the main power station (Reisach), which has been 
in service since 1955, have confirmed the theoretical 
economic analysis to an extent which exceeded the 
original expectations. The methods of construction 
that were adopted have also proved highly successful. 


General Details of Installation 

The Pfreimd, a small river with an average flow of 
some 190 cusecs (5 cu. m. per sec.) rises in the border 
region of the Bohemian Forest; its middle section 
runs south-west through a gneiss-granite ridge, the 
Oberpfalzer Forest. The ancient rock formations of 
this region have already been largely levelled down, 
but the erosion of the river has created a topography 
suitable for a pumped-storage station not far from 
the load centre and close to a large steam power sta- 
tion; the usable heads are of the order of 700 ft. (200 
m.). It was very tempting to exploit in addition the 
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natural fall of the river, about 230 ft. (70 m.), and thus 
increase the overall efficiency. This has led to the 
creation of two tailwater reservoirs in the valley with 
a difference in level of some 183 ft. (56 m.), the 
Kainzmiihle dam (maximum water elevation 1,500 
fi., 458 m.) at the point where the river breaks through 
the ridge, and the Trausnitz dam (maximum water 
elevation 1,317 ft., 401-75 m.) at the lower end of 
the river section being exploited. These two reservoirs 
are joined by tunnels and by the Tanzmiihle and 
Reisach power stations to the common high-level 
reservoir of Rabenleite. During operation the quantity 
of water pumped by the Tanzmiihle machine is greater 
than that received by its turbine; the difference be- 
tween these amounts is the natural river flow, which 
is impounded in the Kainzmiihle reservoir. This flow, 
which is first raised some 400 ft. (120 m.) to the 
Rabenleite high-level reservoir, is then passed to the 
Reisach plant under a head of about 600 ft. (180 m.) 
to generate peak power. A further Francis turbine 
has been installed in the Tanzmiihle station; it has 
been found economical to operate it during periods 
of high river flow, exploiting the difference in level 
between the Kainzmiihle reservoir and the Tanzmiihle 
station. The river flow finally passes through the tur- 
bines of the small Trausnitz station before leaving the 


area covered by the scheme, as seen in Fig. 2 


Technical Data 
The technical data for the scheme are lisied below: 
Upper Reservoir (Kainzmiihle) 
Useful volume .. 30 million cu. ft. 
Max. water ele- 


(800,000 cu. m.) 


vation 1,500 ft. (458-00 m.) 
Level fluctuation 13 ft. 2 in. (4-00 m.) 
Eulengrund Tunnel 
Diameter 11 ft. 6 in (3-50 m.) 
Length 9,100 ft (2,770 m.) 
Max. internal 
water pressure 170 ft. (S atm.) 
Tanzmiihle Power Station 
Average head of 
pump - turbine 
set .. . 402 ft. (122-45 m.) 
Average head of 
through - flow 
turbine » oF tt (26:50 m.) 


2 Francis turbines 28 MW and 2:8 MW 
1 double - entry 

single - stage 

centrifugal 

pump . 25 MW 
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Fig. 3. A downstream view of Trausnitz dam and station 


Weinberg Tunnel Reisach Power Station 
Diameter 11 ft. 6 in. (3-50 m.) Average head of 
Length ae: so See aes (1,640 m.) pump - turbine 
Max. internal sets io oa oo oe (179-05 m.) 
water pressure 612 ft. (18 atm.) 3 Francis _ tur- 
bines, each .. 33-5 MW 
High-level Reservoir (Rabenleite) 3 double-entry 2- 
Useful volume .. 53 million cu. ft. (1,500,000 cu. m.) stage centrifu- 
Max. water ele- gal pumps, each 28 MW 
vation .. .. 1925 (586-15 m.) 
Level fluctuation 50 ft. 6 in. (15-40 m.) 


Reisach Tunnel and Rabenleite Shaft Lower Reservoir (Trausnitz) 
Diameter .. .. 16 ft. 1 in. (4:90 m.) Useful volume .. 53 million cu. ft. (1,500,000 cu. m.) 
Length co +0 ee Ee (1,315 m.) Max. water ele- 
Max. internal vauen .. 4. (401-80 m.) 
water pressure 782 ft. (23 atm.) Level fluctuation 13 ft. (3-95 m.) 


Fig. 4. A downstream view of Kainzmiihle dam 
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Fig. 5. Outside view of 


Trausnitz Power Station 
Average head of 


through - flow Fy 
turbines os aoe Be (10-65 m.) 
2 Kaplan turbines 
totalling .. 1,750 kW 
The Dams 


The Trausnitz dam (Fig. 3) closes the valley at the 
lower end of the section covered by the scheme. It in- 
corporates no features of special interest; it is a 
gravity dam consisting of 13 blocks, slightly curved 
upstream (radius 1,640 ft., 500 m.). Its maximum 
height is approximately 65 ft. (20 m.); the slope of the 
downsiream face is | in 0-66 and that of the upstream 
face is | in 0-025. The floodwater, which theoretically 
may reach 1,410 cusecs (400 cu. m. per sec.), is dis- 
charged through three tilting gates and two bottom 
outlets. Model tests at the Munich Technical High 
School have shown that slightly rounding the edges 
of the gate piers is sufficient to prevent severe lateral 
contraction of the jet. The width of the overflow sill 
has been reduced by lowering the upstream emergency 
bulkheads, thus achieving very smooth flow when 
passing floodwater. The optimum shape of the low- 
lying stilling basin was found to be a steep rise ending 
in a low sill. 

The dam for the upper reservoir, Kainzmiihle (Fig. 
4), presents certain interesting features since it was 
constructed by raising an existing gravity dam. 

At first it was thought possible to achieve the neces- 
sary increase in height of some 10 ft. (3 m.) by in- 
creasing the thickness on the upstream face and 
adding a new concrete crown. An alternative design 
incorporating prestressed elements which rested at 
one end on the old dam and on the ground and were 
anchored at their other end in the new crown, had to 
be abandoned owing to the uncertain condition of the 
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Reisach power station 


existing dam and an excessively long construction 
period. In view of the state of the old dam, which was 
already of relatively slender form, the following solu- 
tion was eventually used when construction started in 
1954. 

All the lighter parts and all unsatisfactory areas 
were removed to reveal the sound core of the dam, 
which had a satisfactory strength although the con- 
crete was very porous. It was then completely encased 
in a strong sealing skin, the thickness of which varied 
from 7 to 10 ft. (2 to 3 m.) on the upstream side, to 
a minimum of 3 to 7 ft. (1 to 2 m.) on the air face. 
The natural roughness of the old concrete after the 
removal of the surface was considered insufficient to 
transmit the shear forces between old and new con- 
crete; steel reinforcement consisting of 0°56 in. (14 
mm.) diameter bars was therefore provided at a rate 
of 14 per 100 sq. ft. (14 sq. m.). These shear bars also 
served as supports for the shuttering. The skin was 
concreted in lifts with a maximum height of 10 ft. 
(3 m.). Care was taken to employ concrete with a low 
contraction, using blast-furnace cement, a low water- 
cement ratio combined with a plasticiser, and keeping 
the fresh concrete moist. The actual increase in dam 
height was then achieved by adding a solid crown, 
leaving openings for all equipment such as gates, 
machinery rooms, gauges and cable trenches. Care 
was taken to avoid all sharp changes in section in the 
new concrete since experience had shown that shrink- 
age, temperature changes and loading give rise to 
cracks at these points because of the notch effect. 
Additional reinforcements were provided wherever 
such changes in cross section proved unavoidable. 

In order to cut down seepage the foundations for 
this skin were prepared with great care both on the 
dry face and especially on the upstream face; these 
foundations were taken down below the base of the 
old dam. In the absence of an inspection gallery, 
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Fig. 6. Section through Reisach power station on pump 2 centreline 


grouting had to be carried out from the upstream side. 
A surface-tension reducing agent was added to the 
water used for the preceding wash-out operation. 
Finally, the porous concrete core of the old dam was 
grouted over the entire dam surface, a total of 10,000 
ft. (3,000 m.) of holes being drilled according to a 
regular pattern; about 550 tons of very finely ground 
grouting cement was injected under a pressure of 15 


to 30 lb. per sq. in. (1 to 2 atm.). On any areas where 
the grout absorption was particularly high, the hole 
spacing was reduced. In a weir section which con- 
tained the water intakes for the turbines of the old 
power station (now demolished), the average cement 
absorption was not greater than 4:37 lb. per cu. ft. 
(70 kg. per cu. m.) of old concrete. 

Water storage started in the late summer of 1955. 
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Fig. 7. Qutside view of Tanzmiihie power plant 
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Fig. 8. Layout plan of Tanzmiihle power plant 


The method of construction adopted has proved 
highly satisfactory. 


The Power Stations 

The Reisach station was constructed between 1952 
and 1955 and is the most important plant of the entire 
pumped-storage scheme (see Figs. 5, 6). At present it 
houses two horizontal pumped-storage sets, with room 
for the addition of a third set at a later stage. In view 
of the positive inlet head required by the pump speed 
selected (333 r.p.m.), the pump floor has been placed 
some 22 ft. (6-5 m.) below the lowest water level in 
the Trausnitz Lake. The civil-engineering work in- 
volved, which included special waterproof founda- 
tions, as well as the increased size of the installation 
and the manifold, was readily accepted in view of the 
advantages in assembly and operation which were 
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expected to follow from the more open layout com- 
pared with a vertical-shaft arrangement. All the im- 
portant equipment such as heating, water supply, 
compressed air, the 20 kV switchgear, auxiliaries and 
pumps, are supervised from the machine hall floor 
and are laid out to permit easy access. Below the 
machines is a drain gallery which can be inspected 
and which discharges into a sump below the pump 
room. An annexe contains the control room, relay 
rooms, house sets and distribution gear, offices, wash 
and toilet facilities, and stores. The valves, a spherical 
valve for each turbine and a ring valve for each pump. 
are located adjacent to the machines and are also 
serviced by the machine-hall crane; they are readily 
accessible through a valve gallery. 

The Pfreimd valley is rather narrow in the neigh- 
bourhood of the Reisach station and it proved impos- 
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sible to arrange the outdoor substation in the usual 
position close to the station but above any floodwater 
level; furthermore, protection was required against 
snowdrifts, and provision for easy termination of the 
transmission line had to be made. Eventually it was 
found most convenient to install the 110 kV switch- 
gear on the flat roof of the machine hall. Every 
attempt has been made to reduce interference with 
the gereral architectural design to a minimum, the 
support frames are arranged in such a way as to fit 
in with the subdivisions of the station facade. 

The Tanzmiihle station, Fig. 7, was constructed in 
two sections during the period 1954/5 and 1957/9. The 
first period coincided with the work on the Kainz- 
miihle dam and the Eulengrund tunnel associated 
with it. The main structure of part of the machine 
hall was completed and a vertical-shaft 3,800 h.p. 
Francis turbine was installed which immediately 
started operation on peak load in conjunction with 
the Kainzmiihle reservoir. The second stage of the 
station and the annexe which were started in 1957 
are now being completed. It includes the installation 
of a pumped-storage set, again with a horizontal shaft. 
At the same time the station was linked with the 
Reisach tunnel and the Rabenleite storage reservoir 
by means of a tunnel of 11 ft. 8 in. (3-50 m.) internal 
diameter which passes through the Weinberg moun- 
tain. 

The main problem presented by the station was 
the layout of the pipe system. The pumped-storage 
set, the general layout of which is shown in Fig. 8, has 


its inlet and outlet connections arranged on two levels. 
The limited time available for cons.ruction made it 
necessary to complete the foundations of the station 
before the pipes were delivered to site. An increase 
in the machine size during construction, combined 
with the delay in the supply of the pipes, made it 
necessary to provide complicated temporary supporis 
and to leave ceriain openings for the subsequent in- 
stallation of the pipes. It was possible, nevertheless, 
to keep the machine already insialled during the first 
stage in operation throughout the construction period 
without any interference. 

The Trausnitz station, Fig. 3, only serves to provide 
a constant river flow downstream of the scheme; it 
operates as a run-of-river station. Its left-hand side 
adjoins the Trausnitz dam and it contains two Kaplan 
turbines with a combined output of 2,800 h.p. It is 
controlled remotely from the main control room and 
has been operating for six years without any difficul- 
ties. 

Special attention has been paid to the external 
appearance of all structures, especially the power sta- 
tions. The demand that they should harmonise with 
the landscape was met all the more readily by a for- 
tunate coincidence. It was found possible to purchase 
a large quantity of granite blocks which had been 
stored since before the war. These slabs and blocks 
were sawn up on site and were used to face the power- 
station walls, as seen in Figs. 5 and 7. 


(To be continued) 








British Standard Code of Practice for The Design 
and Construction of Reinforced and Prestressed Con- 
crete Structures for the Storage of Water and Other 
Aqueous Liquids (CP.2007 : 1960). 

This Code is a complete revision of the one origin- 
ally published by the Institution of Civil Engineers 
in 1938 and extended by the issue of two supplements 
in 1949 and 1950. The supplement on the use of pre- 
stressed concrete has now been incorporated in the 
body of the Code, while that dealing with bituminous 
jointing materials forms the basis of an Appendix on 
movement joints. 

The Code’s recommendations refer mainly to reser- 
voirs and tanks for the storage of water, but are 
generally applicable to the storage at normal tempera- 
tures of aqueous liquids and solutions which have no 
detrimental action on the concrete. 

The new Code is closely related to the existing 
Codes CP.114 and CP.115, dealing with the structural 
use in building of reinforced concrete and of pre- 
stressed concrete respectively, and the requirements of 
these publications are assumed to apply except where 
superseded by the requirements of the new Code. 

CP.2007 pays particular attention to those features 
of design and construction, specially important in 
water-retaining structures—for example, the avoid- 
ance of cracking, corrosion or leakage. 

Although the use of nominal concrete mixes is still 
permitted for ordinary reinforced concrete work, pro- 
vision is now made for the design of special mixes 
according to the strength required and based on two 
alternative standards of quality control. Permissible 
stresses are given for the two main design criteria: 
the avoidance of cracking and adequate strength. 

Special attention has been given to the provision 
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and preparation of construction joints and of the 
various types of movement joint, i.e. contraction, ex- 
pansion and sliding joints. The Code includes nine- 
teen sketches illustrating the various types of joint 
and the use of special jointing materials to maintain 
water tightness. 

This new Code was prepared by a committee of 
experts convened by the Institution of Civil Engineers. 

Copies of this publication may be obtained from 
the British Standards Institution, Sales Branch, 2 Park 
Street, London, W.1. Price 12s. 6d. (Postage will be 
charged extra to non-subscribers.) 





New Standard Telecommunication Laboratories 

Standard Telecommunication Laboratories Limited 
(STL), formed in 1945 as a wholly owned subsidiary 
of Standard Telephones and Cables Limited (STC), 
have recently equipped a new laboratory at Harlow, 
Essex. An associate of the International Telephone 
and Telegraph Corporation (ITT), it is one of this 
organisation’s three advanced research and develop- 
ment laboratories, the others being at Paris (Labora- 
toire Central de Télécommunications) and Nutley, 
New Jersey (ITT) Laboratories. The previous estab- 
lishment at Enfield has become inadequate, and the 
new buildings were occupied in late 1959. They have 
a floor space of over 100,000 sq. ft., and contain 
facilities for work on electronics, chemistry, physics, 
and radio-chemistry. Important work was carried out 
at Enfield on micro-wave radio links and on semi- 
conductors. The facilities include a radio-chemical 
laboratory, housed in a separate building, associated 
with a 2 MeV Van de Graaf particle accelerator in- 
stalled at Enfield in 1956. 
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Direct Solution of Pipe-Friction Problems 
from the Colebrook-White Formula 


THIRUVENGADAM* 


By A. 


pipe problems requiring either diameter of the pipe 
or the friction slope can be solved from a single 
chart. For low values of relative roughness, the 
problems requiring discharge can also be solved from 
the same chart. This method is applicable in the 
smooth and rough-turbulent regions. This is possible 
by substituting the value of the friction factor from the 
Darcy-Weisbach formula into the Colebrook-White 
formula and rearranging the variables into non- 
dimensional form. A “‘pipe factor” diagram similar to 
Moody’s “‘friction factor” diagram is given. 
The problems that are generally encountered in 
simple pipe flow are of three types. They are: 
(1) Given D, L, p, », k, and Q, it is required to find h, 
(2) Given h,, D, L, p, », and k, it is required to find Q 
(3) Given h,, Q, L, p, wand k, it is required to find D. 
Where D = Diameter of the pipe, 
L = Length of the pipe, 
p Density of the fluid, 
7 Dynamic viscosity 
k = Absolute roughness, 
QO = Discharge, 
hy = Head loss due to friction. 
These three types of problems can be solved easily 
either in the fully laminar region or in the rough- 
turbulent region, because the friction factor depends 
only on the Reynolds Number, R, in the laminar 
region and only on the relative roughness D/k, in the 


In this article a direct solution is given from which 


* Technical Assistant, Civil and Hydraulic Engineering Section, Indian 
Institute of Science, Bangalore 12. 
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rough-turbulent region. The problem becomes com- 
plicated in the transition region between the smooth- 
turbulent to rough-turbulent region, as the friction 
factor depends both on R and on D/k. 

The Colebrook-White formula, which was developed 
in 1939! from the Prandtl-Karman theory of turbulence, 
offers the most rational approach for the calculation 
of the friction factor in the transition region between 
smooth turbulence to rough turbulence. Experimental 
data have confirmed that this formula is applicable 
to virtually any commercial surface and fluid, over a 
wide range of conditions. Several forms of graphical 
solutions are available from this formula for the first 
two types of problems mentioned earlier, but for the 
third type of problem, requiring the diameter of the 
pipe, a process of trial and error is necessary. This 
article shows that the third type of problem can be 
solved directly by suitably modifying the Colebrook- 
White formula. From the Darcy-Weisbach equation 
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_ 2gSD we 
Where V = mean velocity of flow in the pipe 
ho _ 42 ons 
a D2 
Substituting (3) in (2) 
_ 2gn? SD5 ... (4) 
16 =@? 
Equation (4) can be written as 
2g72 Sk® i )’ 
1602 \k 
, D\> ... (5) 
i- “i z) 
G = 2gn? Sk5 
16Q2 
G is a non-dimensional factor, called the pipe factor, 
which depends only on S, k and Q. 
Taking Reynolds Number R = VD where v = 


therefore 
Where 


v 
kinematic viscosity and substituting equation (3) 
R—*2P_ 42 «5. p42 kK _ Rek ... (6) 
~ wD2y «Dy ge DD Db 


where Ry is a non-dimensional factor, called the 
roughness Reynolds Number, which depends only on 


Q, k and y. 
The Colebrook-White equation is 
| _ 251 ) (7) 
—2 log (3. TDik *RVf) 
Substituting (5) and (6) in (7) 
' ; = —2log ( = Js) 
/ G(D/k)* 3-7D/k ~~ Rek/ D»/G(D/k)?°, 


Now there are only three variables, G, Rx and D/k all 
of them non-dimensional. G and R, are independent of 
D. The equation (8) is exactly similar to the Colebrook- 
White equation, and hence Moody’s chart gives the 
solution of this equation also, with the scales changed. 
Fig. 1 shows the solution of equation (8) with pipe 
factor G as a function of Rx with D/k as a parameter. 
From this chart another chart can be prepared so that 
G becomes a function of D/k with Rx as a parameter. 
This chart is shown in Fig. 2. 

Now the first and third types of problem can be 
solved directly from Fig. 2. For the first type D/k is 
known and Rx is known. Hence G is found from the 
chart, and S can be calculated. For the third type, 
G and R; are known and hence D/k can be found from 
the graph. The second type of problem can be solved 
if D/k is less than 1,000. Above that a trial-and-error 
method must be resorted to. The following example 
will illustrate the method. 

Example (from Ref. 2). It is desired to find the size 
of commercial steel pipe which will carry 300 g.p.m. 
of kerosene at 50° F. a distance 2,000 ft. with a head 
loss of 10 ft. 


Q= 748 xO > 0-67 cu. ft. per sec. 
ym 3 X i0- 5 sq. ft. per sec. 
k = 0-00015 ft. 
S=5 x 10°* ft. 
G 40Sk® 40x 5 x 10-%1-5 x 10-4)§ 
~ @ (0-67)2 
= 3-38 x 10-20 
log G = —19-471 
R 40 4 x 0-67 c 
te aky @ X 15 X 10-4 x 3 x 10-5 
= 19 x 108 
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From Fig. 2, log? = = 3-56 
D 
a 3631 


D = 3631 x 1-5 x 10-4 x 12 = 6-54 inches 
Similarly problems requiring S can be worked out 
exactly. The chart when enlarged to a bigger scale will 
give much better accuracy. 


Summary 

The Colebrook-White formula has been modified 
by the introduction of two non-dimensional factors 
G (pipe factor) and Rx (roughness factor). The solution 
of this new equation gives a pipe-factor diagram very 
similar to Moody’s friction-factor diagram. From this 
pipe-factor diagram, a chart has been prepared for G as 
a function of D/k with Ry as a parameter. From this 
chart, pipe-diameter and friction-slope problems can 
be solved directly. This is the second attempt to in- 
corporate hydraulic slope directly in the Colebrook- 
White formula, the first one being by Ackers. 
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Handbook of Heavy Construction. Professor Frank 
W. Stubbs, Jr. McGraw-Hill Publishing Co. Ltd., 95 
Farringdon Street, London, E.C.4. First Edition. 
1,040 pp. Over 600 illustrations. Price £7 3s. 6d. 

Engineers in charge of a programme of heavy con- 
struction should find this handbook a valuable prac- 
tical guide. It is a collection of 32 chapters written by 
various authors who are specialists in their respective 
subjects. The chapters are grouped into nine sections 
as follows: Excavation and Transportation of Earth 
and Rock, Concrete, Steel, Timber, Highways, Pipe- 
lines, Foundations, Miscellaneous Equipment and 
Operations, General. The information contained 
therein is of a practical nature, and factual details are 
given in the form of charts and illustrations, including 
present-day costing. American manufacturers’ names 
are indicated with the various types of equipment to 
be used. 

There are several chapters of interest to the water 
power engineer such as on earthmoving, tunnelling 
and a very interesting chapter on explosives. Other 
useful chapters are on aggregates; concrete mixing, 
placing and curing; grouting; and prestressed and pre- 
cast concrete. Of interest to dam contractors are chap- 
ters on caissons, cofferdams, cableways, and river- 
diversion schemes, where a description is also given 
on how such constructions were carried out on some 
of the large engineering projects in the world. 





Plans for the Drau: In this article, which was pub- 
lished in our May issue on page 198, we regret that 
the captions for Figs. 3 and 9 have been inadver- 


tently reversed. 
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Underwater Piercing of Lakes 


This article on Norwegian methods of tapping lakes 
may be regarded as a sequel to the one contributed by 
Prof. George A. Whetstone in our August 1959 issue 


By CHR. F. GRONER, M.N.LF., M.R.LF.* 


natural reservoirs even without the building of 

dams. The rock is usually sound and often 
reaches the surface or very near to it, so that right 
from the start of the utilisation of water power it was 
only reasonable to try and take advantage of the 
natural reservoirs with a minimum of dam construc- 
tion or even with none at all. 

In Norway, relatively small quantities of water are 
usually required, the fall being as a rule large, so that 
the head lost by tapping rather than damming a lake 
is relatively small. On account of the steep mountain 
sides the length of the tapping tunnel is often short. 
Tapping of a lake is normally considerably cheaper 
than the same-sized reservoir achieved by raising the 
water level. As a rule a combination of these methods 
is the cheapest solution. It is very seldom that a Nor- 
wegian power project does not have at least one, 
usually several, underwater piercings of lakes. For this 
reason this method is often known as “The Norwegian 
method of tapping lakes.” The number of such tap- 
pings made in this country is not available, but a con- 
servative estimate is between 200 and 300. 

The problem of silt is very seldom met with in 
Norway and need not as a rule be taken into account 
when locating the tunnel intake. However, a difficulty 
which arises when the water level is lowered is dis- 
turbance due to changes in the hydrostatic pressure 
in the ground. This has caused many land movements 
round lakes which have been lowered. Where habita- 
tion has been threatened the tapping has had to be 
abandoned. These disturbances need not be caused 
by sudden drawdown but can be the result of normal 
slow tapping. 


Wee ae lakes are deep and provide large 


Site Investigations 

Before a tapping point can be decided upon, com- 
prehensive studies must be made. First the approxi- 
mate location is chosen as a result of the visible 
geological nature of the area. Soundings are taken of 
the lake bottom so that the tapping possibilities at 
various depths can be calculated. 

Next, seismic soundings are taken to find out the 
precise depth of the rock bottom, and this enables the 
exact point for piercing to be determined. The chosen 
location is then checked by drillings from a raft or 
the ice surface to confirm the accuracy of the seismic 
soundings. In cases where the rock surfaces are especi- 
ally steep the seismic soundings can give misleading 
results and then it may be necessary to rely entirely 
on drilling. Normally drillings do not give as good 
results as seismic investigations, the reason for the 
often misleading results being the difficulty in detect- 
ing the difference between rock and big boulders. 
Special care must be taken on this point as otherwise 


* C.E. Consulting Engineer for Hydro-Flectric Power Plants, Partner 
Norconsultants, Oslo. 
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the piercing may be unsuccessful. Usually a moraine 
rock cover of 2-4 m. (6°5—13 ft.) will not hinder a 
piercing, provided that it does not contain large boul- 
ders. Should large boulders be present in the moraine 
there can be danger of blockage even with a consider- 
ably thinner moraine layer. 

If a suitable piercing site cannot be found in the 
normal way, divers must be used to carry out more 
detailed investigations. 

Often dredging must be carried out. Scraping is the 
best and cheapest solution, but if the bottom is hard 
or contains sizable stones scraping may be impossible, 
and the same applies if the depth is too great. If a 
diver must be employed to remove this maierial, the 
cost will usually be unreasonably high. 

Professor Whetstone, in his article in the August 
1959 issue of WATER POWER, mentions inspection by 
submerged electric lights in the clear waters of moun- 
tain lakes. In our experience, this means of inspection 
can only be used at small depths. 

Provided that the piercing depth is not more than 
10-15 m. (33-50 ft.), the preparations for the piercing 
will, as a rule, not be unreasonably expensive even 
with a considerable mass covering the rock. If the 
depth is much greater all work will be much more 
costly and special preparations must be made for each 
individual case. Working behind a cofferdam or from 
caissons is enormously expensive but can theoretically 
be necessary. If one reaches the conclusion that such 
methods are necessary one should first have recon- 
sidered whether such a solution is the right one, and 
this should preferably be done at a preliminary stage 
as unnecessary expenses may otherwise have been 
incurred. 

After the location of the piercing point has been 
fixed as accurately as possible from the lake, the re- 
maining investigations must be carried out from the 
tunnel. 


Investigations at the Tunnel Face 

A very important rule is that all underwater investi- 
gations be regarded as only an orientation. Therefore 
exploratory drilling from the working face of the tun- 
nel must begin very early in order to be quite sure that 
an unexpected piercing does not occur. These drillings 
(Fig. 1) must be made forwards, diagonally upwards, 
upwards and sideways from the face and should pene- 
trate a minimum of 5 m. (16-5 ft.) or more depending 
on the tunnel area. 

When the vicinity of the intended piercing has been 
reached, drilling must be carried out to the rock sur- 
face. When the surface has been located the most 
favourable location for the piercing must be decided 
upon. The surface rock will often be broken up and 
faults are often encountered which contain full water 
pressure and may be difficult to pass. After reaching 
the surface drilling must continue to ascertain whether 
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the cover contains boulders which can block the tun- 
nel. If such rocks are encountered the piercing point 
must be moved so that they are well outside the crater 
formed during the piercing. Should it be suspected. 
from the results of these drillings, that the location is 
not quite correct for piercing, there should be no hesi- 
tation in going back some metres and trving another 
point. No risk must be taken of making a “doubtful” 
piercing. 

A short distance from the piercing point a pit must 
be blasted in the tunnel bottom large enough to 
accommodate the rock from the final plug. If the 
piercing is almost vertical, which may well be the case, 
this pit must be situated quite close to the entrance 
and be made fairly deep. The downstream edge of 
the pit should always be vertical to prevent rocks be- 
ing carried beyond it. 

It is of great importance that the preliminary in- 
vestigations are thorough so that a correct picture of 
the conditions for piercing is obtained. It must be 
quite certain that the salvo is 100% successful and 
that piercing or partial piercing does not occur earlier 
than intended. Such a piercing will be unsuccessful 
in 99% of the cases and there is then the risk of having 
to make a completely or partially new tunnel. 


Magnitude of Water Pressure 

The greatest depth at which underwater piercing 
has been carried out in Norway is about 65 m. (215 
ft.). At greater depths it has been preferred up to the 
present to carry out the piercing in two stages, first 
piercing at about half the depth and lowering the 
water level, then piercing at the full depth. However, 
this involves considerably greater expense, but, taking 
into account the risk, can still be the cheaper method. 

The depth also decides the distance to the pit in the 
tunnel since, other things being similar (skew or hori- 
zontal piercing), the greater the depth the greater the 
distance to this pit must be. 


Drilling and Charging of Final Plug 

Usually about double the number of boreholes 
otherwise used is drilled. This is done in order to 
shatter the rock into as small pieces as possible. In 
the cross-section a number of the holes are left empty 
to enable the explosive to have a betier effect. The 
charge is fired electrically with millisecond-delay caps. 

Charging often presents great difficulty since there 
may be full water pressure in the boreholes which 
blows out the dynamite. The charge must in this case 
be loaded into tubes which are wedged tightly in the 
holes. Under such conditions the jets of water from the 
tunnel face are so powerful that the salvo must not 
remain connected up a moment longer than necessary 
since the wiring can be torn loose. In any case the 
salvo should be fired as soon as possible after charg- 
ing and wiring is compleied and checked since the 
possibility of faulty firing or misfiring of the salvo 
increases greatly with time. 

The size of the charge necessary is estimated as a 
result of the experience gained during the tunnel blast- 
ing, the normal tunnel charge being increased up to 
50% if the piercing cross section is to be about the 
same size. Normally the charge is only inserted as far 
in as 40 cm. (1-3 ft.) from the surface in order not to 
break up the rock surface unnecessarily. In certain 
cases some of the tubes are inserted right into the 
moraine beyond and are fired just before the others. 
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Piercing of Headrace Tunnels for Power Plants 

When piercing headrace tunnels which are to feed 
turbines it is very important that all stones and sand 
are collected just past the tapping point; otherwise 
these materials will be carried through the tunnel and 
in the case of a short tunnel enter the turbine. causing 
wear and damage. If the tunnel is long these materials 
will be precipitated on the tunnel bottom if the water 
velocity is not especially great. 

Headrace tunnels always have a shaft with gate as 
near the tapping point as possible (Fig. 2). 

If conditions allow, the tunnel L between the tap- 
ping point and the gate should be almost full of water. 
On account of shock waves an air cushion is necessary 
in the top of the tunnel. By filling the tunnel in this 
way the water velocity at the moment of piercing is 
relatively small and the masses from the blasting will 
precipitate quickly. If, however, there are large masses 
covering the rock and there is danger that the opening 
may become blocked by them, the water must have 
sufficient velocity to wash the mass into the tunnel 
and not simply deposit them in the tunnel entrance. 


Piercing of Regulation and Tapping Tunnels 

In this case it is not so serious if some of the 
material is swept along the tunnel. However, if the 
rock at the piercing point is not covered by loose 
material the gate or stoplog is partially closed to pre- 
vent more material than absolutely necessary being 
carried into the tunnel. Immediately following the 
piercing the gate is completely closed. The reason for 
not normally closing the gate comp!etely before pierc- 
ing is because the increase in pressure on the gate 
would then be considerably larger. Precautions must 
be taken so that the gate is not situated where it can 





Fig. 7. Piercing in faulted rock 
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be damaged by flying rock. 
Similarly, one should be aware 
that stones and sand can col- 
lect in the gate guides and 
thus prevent complete closing 
of the gate. If for one reason 
or another the gate must be 
kept closed during piercing, 
it must be designed for the 
pressure that can develop. 


Incomplete Piercing 

After considering what may 
have occurred should a pierc- 
ing be incomplete, an attempt 
to clear the entrance can be 
made by lowering a charge 
into the lake at the point of 
piercing. If this is to be of any 
help this charge must be rela- 
tively large. 

Even if it would seem 
apparent that sufficient water 
is flowing after an incomplete 
piercing. one can never be 
quite sure whether it will 
continue, as sand and silt 
can collect in front of the entrance in the course 
of time, and also the entrance may cave in. In several 
special cases with a large depth of cover over the rock 
and where the piercing was incomplete, the reservoir 
was emptied, the moraine excavated and an “intake 
tower” constructed to prevent the entrance becoming 
blocked again. This method is difficult and expensive. 

Should a piercing be unsuccessful only very experi- 
enced specialists should be engaged in order to avoid 
unnecessarily large extra expense by wrong decisions. 


Double Piercing 

Apart from normal piercings a number of double 
piercings have been carried out through the years 
(Fig. 3). The first was in 1932, Navann— des- 
cribed in Schweizerische Bauzeitung, Volumes 117 
(1941) and 119 (1942) by civil engineer Diderich Lund, 
Oslo. 

The problems of double piercing are more or less 
the same as mentioned above. 


Examples 

Example 1. Headrace tunnel (A =36 sq. m.—390 
sq. ft.). Fig. 4. 

In this case the deposits were scraped away to avoid 
silt and sand entering the tunnel. Soundings were 
taken of the lake bottom by drilling from the frozen 
lake surface and also from the tunnel below. 

A stoplog B was inserted in upstream guides and 
the intake gate D was raised 30 cm. (1 ft.) to pass the 
air shock wave. It was anticipated that the stoplog 
might be smashed but that the debris would be col- 
lected by the trashrack C and not cause damage. 

The charge was 600 kg. (1,320 Ib.), ie. about 1-7 
kg. per cu. m. (2°86 lb. per cu. yd.) of rock. About 800 
holes were drilled. Millisecond-delay detonators were 
used and the central part was fired first, as is usual to 
enable the sides to be shattered effectively. 

Some of the beams above El. 247 in the stoplog 
were broken and some stone was deposited just in 
front of it. The stoplog and stones were later removed 
by divers. 
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Fig. 9. Piercing in sound rock in headrace tunnel 


Example 2. Tapping tunnel (A=5 sq. m.—S54 sq. 
ft.). Fig. 5. 

The area near the point for piercing consisted of 
broken rock near the surface. A large open fault was 
met with and the piercing point had therefore to be 
moved somewhat sideways. The thick clay cover re- 
sulted in the water not breaking through until 15 min. 
after the charge was fired. 

Example 3. Tapping tunnei (A=4 sq. m.—43 sq. 
ft.). Fig. 6. 

The piercing took place in a lake along the sides of 
which were permanent glaciers. The rock was covered 
by about 3 m. of moraine. Just in front of the planned 
piercing a large round stone was situated and it was 
therefore necessary to move the piercing point side- 
ways. The slope from the stone to the new piercing 
point was measured by drilling to be 1 : 2, which was 
considered safe. 

Drilling and inserting of the charge were carried out 
in the usual way. Since the rock was coarse-grained 
and of poor quality a pit of only 14 m. depth was 
blasted in the tunnel bottom, the remaining volume 
necessary being provided by widening of the tunnel. 
The tunnel was partly filled with water before firing 
the charge. After the explosion mud was deposited 
in the tunnel as far as the gate sill. 

Example 4. Tapping tunnel (A=4 sq. m.—43 sq. 
ft.). Fig. 7. 

There was nothing unusual as regards the actual 
blasting. After lowering the water level in the lake it 
could be seen that the rock was broken into large 
blocks. Some of these blocks had fallen into the tunnel 
and had become jammed but the opening nevertheless 
was large enough. This piercing was carried out under 
very difficult conditions and without the usual pre- 
parations. 

Example 5. Headrace tunnel (A =5 sq. m.—S54 sq. 
ft.). Figs. 8 and 9. 

The charge was fired with the gate wide open and 
this was closed immediately afterwards. The water 
was led through tunnel A, a timber wall blocking 
entry to the penstocks. 
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Finally we would mention an involuntary piercing 
caused by an error in the ground investigations. 

Example 6. Tapping tunnel (A=4 sq. m.—43 sq. 
ft.). Fig. 10. 

The tunnel trace beneath the lake had been marked 
out and drillings made to rock—at point A a large 
stone was encountered which was thought to be solid 
rock. As it was still some distance to the intended 
point of piercing, sounding drillings from the tunnel 
had not been commenced. The result was that a sud- 
den and unintended piercing was made. This opening 
immediately became blocked and efforts to reopen it 
from the tunnel were unsuccessful. Since the work 
was highly dangerous it was decided to seal the tunnel 
at A and construct a new one round this point. 


General 

In cases where the distance between the piercing 
point and the gate is small, special precautions similar 
to those described in Example | must be taken. In the 
latter case the distance was 50 m. (165 ft.) and the 
tunnel cross-section 36 sq. m. (390 sq. ft.). 

For tunnels of small cross section a horizontal (pos- 
sibly vertical) bend can be made so that the water 


Swedish Water Power Association 


At the 50th annual meeting of the Swedish Water 
Power Association, the chairman. Mr. Erik Blomqvist, 
said that Sweden’s output of water power now 
amounts to 33,000 million kWh per annum. Recent 
estimates put total water-power resources in Sweden 
at close on 200,000 million kWh, while the economic- 
ally exploitable resources probably amount to 85,000 
million kWh. 

Mr. Erik Grafstrém, head of the State Power Board, 
said that the power industry’s proportion of total 
gross investments in Sweden had been fairly constant 
at 6% since the end of the 1940's. This percentage is 
not likely to increase in the period 1960-80, and no 
major changeover from hydro power to thermal power 
is planned for the current decade. 

Total harnessed water power in Sweden amounted 
to 6,500 MW at the end of 1959, which means an in- 
crease of 300 MW during the year, according to Mr. 
Bengt Sterne, manager of the Association. The pro- 
ductive capacity at normal water flow increased from 
31,000 to 32,500 million kWh. New plants in 1960 
are likely to add a further 450 MW, some 300 MW of 
which are already completed. This would step up the 
output by approximately 1.500 million kWh, while 
a further 300 million kWh will be imported from 
Norway under a current contract. Major additions of 
thermal power were obtained during the past year 
through the completion of the first 150 MW stage of 
the Stenungsund plant, 88 MW from the Hisselby 
plant near Stockholm and 40 MW from the gas-tur- 
bine plant at Viastervik. Two plants of 20 MW each 
have also been compleied at Ortviken and Skoghall. 

Mr. Tore Hedin emphasised that 92%, of the total 
output of power is derived from hydro resources, 
while only 8% is thermal power. Current building 
schemes are not likely to change this proportion on 
a major scale. 

The question of atomic power was dealt with by 
Mr. Olle Gimstedt, former manager of the Associa- 
tion and now with the private atomic power con- 
sortium AKK. According to a conservative estimate 
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velocity is reduced before reaching the gates, etc., 
and so that there is no chance of stone from the ex- 
plosion striking them. The velocity can also be re- 
duced by walls built across the pit in the bottom of 
the tunnel. 

We very seldom use temporary bulkheads of rein- 
forced concrete placed downstream of the gates as 
Professor Whetstone mentions. Gates are not usually 
protected since experience has shown that damage is 
very seldom incurred. An arrangement of temporary 
bulkheads takes time and is expensive. A greater risk 
of an unsuccessful firing is run by filling the tunnel 
completely with water than by exploding the charge 
in air. Besides, the water pressure due to the shock 
wave is much larger and can cause damage to the 
gates. 


Résumé 

Thorough geological investigations are of decisive 
importance for the successful piercing of a lake. 
Equally important is a first-class site engineer and 
tunnel blasting foreman, and both these men should 
have carried out a similar operation previously and 
have had real experience of such work. 





of future demand for power, a total installed rating 
of thermal power of at least 7,000-8.000 MW would 
be required by 1980. Of these, about 20%, or 1.500 
MW, would have to be atomic power in order to 
obtain optimal overall economy. Such a scheme would 
necessitate the building of half a dozen atomic power 
plants of the 250-300 MW class in the 1970’s, with 
the first unit operative in one of the first few years 
of the decade. 


The Power Team. To mark the celebration of its 
jubilee in 1959 the Swedish State Power Board has 
published a stiff-covered souvenir brochure, with Eng- 
lish text, entitled “The Power Team.” The story is 
told mainly in pictures, which are magnificent, and 
while it takes us from the power stations in the 
extreme north of Sweden to those in the south, it is 
concerned more with the people—both of high and of 
low degree—behind the development of Swedish 
power than with the power itself. 


Dieci Anni di Attivita, 1948-1958. This is the title of 
a handsome 160 page bound volume presented to us 
by ETELI (Empresa Tecnica Luso Italiana), an 
Italian firm of contractors who have built some of 
Portugal’s most important hydro-electric stations 
within the past ten years. These stations form the sub- 
ject of the brochure, which describes Belver on the 
Tejo (Tagus), Canigada on the Cavado, Picote and 
Miranda on the Douro, and Mavuzi on the Revué in 
Portuguese East Africa. Special attention is given to 
the civil-engineering construction work, the descrip- 
tion of which is supplemented by numerous drawings 
and photographs. The book is profusely and hand- 
somely illustrated, and this, in fact, is one of its many 
attractive features. The main text is in Portuguese, but 
coloured inserts, bound in with the volume, carry 
Italian and French translations. Captions to the illus- 
trations are given in all three languages, and an intro- 
duction in Italian outlines the history of the firm’s 
activities in Portugal. ETELI has offices in Milan, 
Lisbon and Oporto. 
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Building an Arch Dam with Slipforms 


A recently developed method of building concrete 
structures by means of sliding forms has been applied 
to the construction of an arch dam at Vargfors, Sweden 


By BO BROMS*, CARL CAPPE* and STIG NERELL* 


URING the summer of 1958 the Swedish State 

Power Board awarded to Nya Asfalt AB the 

general contract for the construction of the Varg- 
fors hydro-power plant located on the river Skel- 
leftedalven. The contract represents an investment of 
about 40 million Sw. Kr. Amongst the larger items in 
the contract is the construction of the earthfill dams, 
using about one million cu. m. of fill placed in accord- 
ance with the wet compaction method (a method earlier 
only rarely used by contractors on dams). Another im- 
posing item in the contract is the construction of the 
concrete arch dam across the river. This type of dam 
construction is unusual in Sweden, but the high banks 
at Vargforsen were ideal for this type of dam and the 





* Nya Asfalt AB, Stockholm. This article originally appeared in Swedish 
in Byggnadsindustrin, 1959. 
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bid estimate proved that this construction would be 
more economical than an aliernative buttress dam 
favoured by the Board for many important Swedish 
power stations. The dimensions and type of the dam 
are indicated in the drawing, Fig. 1. The upstream 
face of the dam is vertical whereas the downstream 
side is inclined and covered by a concrete insulating 
wall attached to the dam by means of concrete sup- 
ports. The purpose of this wall is to provide an in- 
sulating air space to reduce temperature variations in 
the dam. 

The dam will be cast in 10°8 m. long monoliths 
without horizontal construction joints. Spaces 1-20 m. 
wide will be left between the monoliths and will be 
cast during low outside temperature after the major 
shrinkage of the monoliths has taken place. 
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Fig. 1. Plan and cross-section of the Vargfors dam showing the insulating wail 
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As a dam designed in this manner could be cast in 
several similar monoliths it was logical to use the 
slipform method, and by using the same equipment 
over and over again it would be possible to reduce 
the total cost for forms in comparison with the cost 
for conventional forms by some 100,000 Kr. 


The Slipform Method 

Several solid structures with the rear side inclined, 
such as buttresses for supporting monoliths, have 
previously been cast with the aid of slipforms, but the 
slipforms were used only for the vertical sides and 
conventional formwork was used for the sloping sides. 
As a logical consequence in the development we tried 
to make use of the slipform method on this project 
also for the rear inclined walls of the monoliths and 
for the attached insulating walls. In order to combine 
the vertical and the horizontal movements of the slip- 
form certain arrangements had to be made. In addi- 
tion to the hydraulic jacks (AB Byggfdrbattring’s 
standard jack) used for the vertical lift of the forms, 
a system of horizontal jacks, mounted on steel elevat- 
ing bars, had to be arranged. In order to obtain a suc- 
cessive change of the section which must be synchron- 
ised with the vertical movement, it was necessary that 
the tempo of the horizontal movement should be ad- 
justed in accordance with a fixed ratio to the vertical 
movement. The climb of the horizontal jacks had to 
be fixed to correspond with the established slope of 
the wall, 100: 8. This was done by means of con- 
tinuous threaded rods, screwed through nuts welded 
to the form. This operation was performed manually, 
and in order to obtain a uniform simultaneous move- 
ment of all horizontal jacks they are mutually con- 
nected with chainwheel and chain. This regulating 
device is also synchronised with the vertical climbing 
of the slipform. 

AB Byggforbattring’s standard steel slide-casting 
sets are used with a special steel form 1-20 m. wide. 
This form is supported by a series of main yokes, each 
consisting of 2 UNP 30 beams. These beams support 
the jacks for the horizontal movement and also carry 
a trolley which is pulled horizontally by the horizontal 
jacks and which carries the form for the inclined 
wall. As all jacks are fed simultaneously from one 
oil pump the inclined side climbs in a straight line. 

An experimental full-size section was cast in Stock- 
holm during December 1958, and the experience 
gained was very valuable. The form was designed and 
built by AB Byggférbattring in collaboration with 
us.* 

In order to obtain the utmost precision in sliding 
we supplemented the conventional plumbline system 
with an additional plumbline mounted in each side of 
the monolith. 


Slipform Casting of Surfaces Arched in Both 

Directions 

A change in design was ordered during the casting 
of the first monolith. The new design showed that the 
inclination of the rear concrete wall as well as the in- 
sulating wall, from a certain point 10 m. below the 
crest of the dam should successively change to a verti- 
cal direction up to the crest. This change in direction 
was equivalent to a vertical arc with the radius of 
about 100 m. As the monolith is also arched hori- 
zontally the slipform must concrete a surface curved 





* Nya Asfalt AB. 
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in both directions. The problem with a successive 
change of angle of the sloping portion of the form in 
relation to the slipform was solved in the following 
manner. 

A specially designed screwjack was placed across 
the main yoke beam and the pull was regulated 
according to tables with values calculated so that the 
vertical and horizontal movements were co-ordinated 
and the required vertical curvature could be formed. 


Organisation and Execution 

Slipform work is an around-the-clock job where set- 
ting up and dismantling of the equipment is done by 
the same crew that handles the casting. The crew is 
split up into four shifts, each shift to turn in seven 
scheduled shifts in succession, then off two shifts in 
succession except every fourth week when there are 
three shifts off. The average working hour per man 
and week amounts that way to 42 hours. 

This arrangement was in use from the middle of 
May 1959 to the end of the concreting season in the 
middle of November when ten monoliths were com- 
pleted. Each shift consists of six men: one fitter to 
control the moving form and its hydraulic equipment, 
one felter for smoothing out the surfaces, two concrete 
placers for receiving and vibrating the concrete, one 
carpenter and one man to set the reinforcement. In 
the shift are not included either the crane operator or 
the man attaching the concrete bucket to the crane. 

Supervision is handled by one man per shift. This 
man reports to the engineer in charge of concrete 
work. Furthermore an engineer who has specialised in 
slipform concreting has been put in charge of this par- 
ticular work. 

The rate of climb has varied between 0-8 m. to 1-4 
m. per eight-hour shift. It has taken about 2,500 man 
hours to cast a monolith comprising about 1,700 cu. 
m. concrete and 2,000 sq. m. of formwork. Time for 
erection and dismantling of the equipment is included 
in the above hours. 


Conclusion 

It must be pointed out that the continuous col- 
laboration with the owners’ designing office has been 
of the utmost importance for an undertaking of this 
particular character. It happens every so often that a 
contractor hesitates to explain his views regarding the 
final design or construction either because he does not 
expect a favourable understanding from the designers 
or he is afraid that delivery of the drawings will then 
delay the job. As the designer usually is employed by 
the owner it is just as easy for opposing relations to 
exist between the contractor and the designers as be- 
tween the contractor and the owner, with the result 
that the contractor’s suggestions, based on production 
technical experiences, are very often disregarded and 
unfortunately too often considered to be beneficial only 
to the contractor himself. The contractor who has his 
contract arranged on a cost-plus basis has really a 
better opportunity to get his cost-saving ideas 
accepted and possibilities to find and further develop 
methods beneficial for the production technique. 

It is therefore a pleasure to state that the Swedish 
State Power Board has encouraged this co-operation 
between owner and contractor although the contract 
was closed on a fixed-price basis, and we hope that the 
slipform method developed and used at Vargforsen 
will be further developed and used on other structures 
with an aim to bring down the costs. 
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Fig. 13. 





A downstream view of construction on Logis Neuf power station 


The Rhone Valley 


A description of the multi-purpose development of the 

Rhone between the Swiss frontier and the Mediterranean 

with particular reference to current schemes in the middle 
third of the Lower Rhéne 


PART 


UR previous article gave a general outline of the 
O whole Rhéne valley development with a short 

description of the Donzére-Mondragon scheme, 
where the sixth and final turbine commenced oper- 
ating in 1954, and a description of the Montélimar 
development. During the next fifteen years, the entire 
hydro-electric potential of the Lower Rhéne, from 
Lyon to Beaucaire, should be in service, with a total 
of twelve power stations including Pierre-Bénite just 
south of Lyon. 

Before describing the Baix-Le Logis Neuf section, 
it may be interesting to consider some aspects of irri- 
gation in the Lower Rh6ne and the effects that the 
hydro-electric development will have in this respect. 
The Compagnie Nationale du Rh6ne is fulfilling all 
the functions of its charter by closely collaborating 
with local authorities to assist irrigation projects 
throughout the Rh6ne valley, and particularly in the 
plains of Valence-Livron, Montélimar and Pierrelatte. 
Most of the construction work in these cases is under- 
taken by the local authorities, but the cost is borne 
for the major part by the Compagnie Nationale du 
Rhéne, supported by the state, and with a contribu- 
tion from local agricultural associations. Hundreds of 
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kilometres of concrete channels and canals, with 
pumping stations where necessary, now cover the 
plains and terraced agricultural land on the hillsides. 
Irrigation has caused a redistribution of land and a 
revision of the agricultural system. Legislation which 
came into effect during the Napoleonic era resulted 
in the parcelling of land into small uneconomic lots, 
and it has been necessary to form larger units to ob- 
tain the maximum benefit from irrigation. Some 
34,000 hectares of land will be reorganised as a result 
of the four developments, at Donzére-Mondragon, 
Montélimar, Baix-Le Logis Neuf and Beauchastel, 
and some 22,000 hectares will be served by irrigation 
systems. Much still remains to be done, particularly 
in the southernmost third of the Lower RhGne, but 
as hydro-electric work advances many more areas will 
benefit; in the future, the Rhdne valley will be an 
excellent example of how multi-purpose development 
can best serve the interests of agricultural prosperity 
and industrial expansion. 


Comparison of Donzére and Rochemaure dams 
To complete our discussion of the Donzére- 
Mondragon and Montélimar developments, described 
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in Our previous article, we propose to make a short 
comparison between the Donzére and Rochemaure 
dams. These two large dams are only 18 km. apart, 
yet they present some interesting differences. 

Location. The Donzére dam is located where the 
Rh6ne curves very sharply below a fairly straight 
reach, and is situated at the point of inflection between 
the first and second curves. The entry to the diversion 
canal has two branches. The first is for navigation 
and, having a high sill, allows a small flow. The 
second branch is narrow but deep and leaves the river 
at the sharp angle of 20° which makes it inaccessible 
to the local shipping. The Donzére dam raises the 
water by 5 m. above the low-water level, and yet this 
is 2 m. below that of the greatest known flood before 
the dam was built. This may seem surprising, but the 
desired results have been obtained from the general 
scheme of dividing the river into sections and by cut- 
ting an intake canal about 17 km. long which does 
not require high embankments as it is in deeply exca- 
vated ground. The two branches to the canal entry 
were adopted to prevent sedimentation of gravel car- 
ried by the Rhone. 

The Rochemaure dam, on the other hand, is in 
that part of the Rhdne where the curves are rela- 
tively small, but is also located at an inflection. 
There is a single entry to the diversion canal, which 
is 260 m. upstream of the dam. The water level is 
raised by 9-3 m. above the low-water level, and this is 


2 m. above the highest recorded flood level. The dif- 
ficulties encountered at Donzére were not found here, 
and it is possible that during floods the reservoir level 
can be lowered several metres, thus creating a power- 
ful scouring effect carrying the gravel downstream 
and preventing the silting of the water intake. 
Foundations. The geographical and hydrological 
conditions of the Donzére dam imposed a site posi- 
tion unfavourable for foundations, and, although the 
abutment on the right bank, pier 1, and piers 2 and 3 
are founded on good urgonian limestone, piers 4, 5 
and 6 and the left abutment, pier 7, have a good- 
quality but unstable foundation of blue marl clay of 
pliocene origin to a depth of 15 m. below water level. 
This clay is compressible and settling experiments 
were necessary. Pendulums as well as high-precision 
benchmarks were used to measure the movement. 
Piers 4 and 6, which formed an integral part of the 
cofferdam for passes IV and V, moved 11 mm. and 
42 mm. respectively shortly before filling the reser- 
voir. During construction they moved an additional 
4 mm. and 12 mm. respectively towards the excava- 
tions. Lifting movements were also observed, and pier 
5, which had settled 1-7 mm., lifted by 2-6 mm. This 
was probably due to the tendency for the pore pres- 
sure in the clay in the foundation and in the vicinity 
to equalise itself, and the recuperation of water in the 
interstices which the clay had lost when it was dry. 
The foundations of the Rochemaure dam presented 
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Fig. 15. The Loriol dam under construction showing four passes completed 


no special problem as the whole structure rested on a 
near-horizontal bed of aptien limestone marl covered 
by a 4 m. layer of alluvium which offered little resis- 
tance to erosion. The seven piers and the downstream 
leakage screen were thus embedded some 4 to 5 m. 
into the rock. 

Sluice Gates. For economic reasons, segment-type 
gates were chosen for the Donzére dam, 9-15 m. high, 
with an adjustable spillover flap of 1-75 m. for the level 
control of the reservoir, Fig. 16. Lateral watertightness 
is effected by rubber profile sections, the flanges of 
which lie against a section embedded in the walls of 
the pier. This seal allows a few centimetres of move- 
ment, but if this is exceeded a readjustment of the 
articulator becomes necessary. The 45 m. wide main 
gate is operated by two lateral winches of 250 tons 
capacity, and two other similar winches of 100 tons 
capacity handle the flap independently of the gate. 

The above-described form of tainter gate could not 
be adopted for the Rochemaure dam as it was found 
more advantageous to use a two-sectioned lifting 
roller gate for the 26 m. opening. 
The top edge of the upper section 


may be divided into two stages. During the first 
stage, passes I, II and III on the right bank were 
carried out successively, together with the 45 m. 
navigable pass, No. VI, on the left bank. In the 
meantime, navigation was maintained continuously 
and with little hindrance through a 70 m. opening 
destined for passes IV and V and their cenire pier 5. 
When No. VI pass was commissioned, a cofferdam 
was built from piers 4 to 6. This operation was a deli- 
cate one as it had to be carried out in the middle of 
the river, where the flow was 2,800 cu. m. per sec. 
Part of this flow was diverted through passes III and 
VI by piles driven into the river bed and extending 
some 100 m. upstream. Large trucks then tipped 
small rock to form the cofferdam at the rate of 40 
loads an hour, 24 hours a day, for 10 days. A water- 
tight screen of sheet piling encircled the cofferdam. 
Construction of Rochemaure dam differed in many 
ways from the procedure followed for the larger struc- 
ture at Donzére, and bolder measures were taken 
which proved more economical. Since the foundations 
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operate the upper section and two 
other winches, each of 130 tons 
capacity, operate the lower sec- 
tion, which is articulated on two 
bogies, each having two rollers. 
The rollers are made of cast steel 
containing 0:56% carbon, 0°52% 
silicon and 0°56% manganese, and 
each is designed for a load of 285 446 
tons. The service bridge, with a 
travelling overhead crane, is on 
the upstream side of the gates and 
has been used for placing the 
cofferdams. 

Construction. The progress and 
construction of the Donzére dam 
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Fig. 17. Geological section of Donzére dam site 


are of rock in this case, any major excavation work 
was unnecessary. Two temporary diversions were 
used during construction, one of these being formed 
by a false branch of the Rh6ne and the other by a 
channel cut in the right bank. During flood periods, 
the combined maximum discharge of these two diver- 
sions was 1,800 cu. m. per sec. and it was possible to 
carry out all the major constructional work under dry 
conditions. Very careful planning was necessary io 
avoid as much disruption of navigation as possible, 
and the work was phased in such a way that a navig- 
able passage, 58 m. wide, was available to shipping at 
all times except for a period of five days when the 
final passage was closed by a cofferdam. In general 
the construction was divided into four phases, as 
shown in Fig. 18. In the first phase compressed air was 
used for the foundations of piers 3 and 5 and for the 
aprons of passes I and II. In the second phase the 
abutment pier 7 on the left bank and the aprons of 
passes V and VI were constructed. In phase three, 
pier 4 and the aprons of passes III and IV were built 
in the shelter of a rock cofferdam. The fourth phase 
was the most interesting as it required the cutting off 
of the river flow by means of a cofferdam, and this 
necessitated the rapid closure of the gap, whence the 
water level could be raised up to 3 m. above the entry 
sill of the diversion canal and navigation could then 
be resumed. This closing operation was carried out 
in four days. 

The total volume of materia] excavated during de- 
velopment of the Montélimar section was about 23 
million cu. m. At Donzére-Mondragon, a compulsory 
expropriation of about 5,000 acres of land and more 
than 100 farms was necessary to accelerate comple- 
tion of the first essential link in the middle third of 
the Rh6ne, but similar emergency action could not be 
justified at Montélimar. One result of this was that 
work could not always be scheduled in the most 
logical and economical manner. Nevertheless, there 
were comparatively few delays during construction, 
and the development was completed almost exactly 
five years after commencement. In planning the civil- 
engineering work. the Compagnie Nationale du 
Rh6ne gave maximum priority to flood protection, in 
particular by building an embankment along the left 
bank of the reservoir to protect Montélimar and the 
surrounding plain during flood periods. Another 
priority, for the same reason, was the diversion and 
other work carried out on the Roubion. 

Much of the equipment employed on the Montéli- 
mar development had previously been used at Don- 
zere-Mondragon. Temporary living accommodation 
was transferred from one site to the other wherever 
possible, and buildings which could not be moved 
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were also used to house personnel who were conveyed 
to the site upstream every day by the contractors. On 
an average, some 2,500 men were employed on the 
site, the majority having been previously engaged on 
the Donzére scheme. An ancillary advantage of care- 
fully scheduled multi-purpose river development is 
that it is often possible to transfer labour progressively 
as work on the next stage advances. Efficiency im- 
proves with experience, and, in the case of the Lower 
Rhéne valley, large resources in manpower and equip- 
ment can be kept almost constantly occupied over a 
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Fig. 18. The phases of construction of Rochemaure 
dam 
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period of many years. Experience at Donzére-Mon- 
dragon helped to streamline procedures and organisa- 
tion, and when ihe full development of the Lower 
Rhone is finished, a comparison of costs on each pro- 
ject should show that considerably less investment is 
required proportionally for the last link in the chain 
than for the first. 

A hydro-electric development of this type, where 
interdependent power stations are constructed along a 
river, can only be fully and economically exploited 
if every link in the chain is completed. In other words, 
individual power stations would be adversely affected 
by a failure to carry out the entire original plan, and 
it is thus very important for adequate finance and 
resources to be available. 


Baix-Le Logis Neuf 

Baix-Le Logis Neuf is 17 km. upstream from 
Rochemaure. This project is concerned with about 
19 km. of the Rh6éne, roughly between the villages of 
le Pouzin and Cruas, and resembles very closely the 
two preceding developments except that the canal is 
much shorter. It comprises a retaining dam, called the 
Loriol dam, located just south of le Pouzin, important 
dykes on both banks to safeguard the neighbouring 
low-lying areas, with a special] embankment at the 
confluence of the Dréme river with the Rh6ne, a 7 
km. canal on the left bank, a power station, lock and 
their associated works at Logis Neuf, and finally a 
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tailrace canal 2 km. long leading to the Montélimar 
section at Cruas. Work began on this development in 
the summer of 1957, and, when completed, it will im- 
prove irrigation and agriculture in the area. The con- 
struction does not necessitate any special bridge over 
the canal to re-establish road links. Railway lines are 
not at all affected and only the Pouzin suspension 
bridge over the Rhéne, upstream of the dam, had to 
be raised. 


The Loriol Dam 

Before construction began on the Loriol dam tests 
on models, which included the canal entry, were car- 
ried out by Laboratoire National d’Hydraulique de 
Chatou to determine—as was done with the two pre- 
ceding dams—the relative position of the structure 
and its contribution to the harnessing of flood waters. 

The dam consists of six 26 m. wide identical 
passes each equipped with a two-section lifting roller 
gate as at Rochemaure. The height of the gate is 12°75 
m. above the sill. The piers are | m. wider than those 
in the two previous dams, i.e. 7 m., the object being 
to maintain the width of the passes at 26 m. and thus 
to economise in the construction of the gates and 
winches. The piers are interconnected on the upstream 
side by a steel service bridge. The gates are provided 
with an electrical heating apparatus installed in the 
grooves to prevent the gates being frozen up during 
severely cold weather, and any gate can be dewatered 
by means of a stoplog consisting 
of nine steel beams. The dam will 
raise the water level by 9-15 m. 

The foundations rest on a layer 
of calcareous marl which stretches 
across the river bed under a thin 
cover of alluvium. The construc- 
tion is, of course, narrowing the 
area of flow in the river, and to 
assure the smooth passage of the 
local shipping, a diversion chan- 
nel on the right bank is being cut 
with the aim of effectively reduc- 
ing the speed of the river current. 
This is preferable to deepening 
the river bed, and the diversion 
channel will be plugged in the 
final stages. The dam, when fully 
open, will be able to pass a flow of 
10,000 cu. m. per sec., which is 
equivalent to a 1,000 year flood, 
but during normal seasons the 
semi-permanent flow is 1,400 cu. 
m. per sec., with a backwater 
curve stretching upstream by 
about 14:5 km. 
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Dykes and Embankments 

In the path of the backwater 
curve caused by the dam are two 
fairly important villages, le 
Pouzin on the Ouvéze stream, and 
la Voulte still farther upstream. 
These settlements, which are on 
the right bank, used to be partially 
inundated at times of heavy 
floods. Now, due to the increase in 
height of water level in their area, 


Fig. 19. Machine hall of Logis Neuf power station showing assembly work _ they will have to be protected by 
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dykes and embankments. Furthermore, drainage 
problems must be taken into account. Drainage from 
le Pouzin will be taken by underground drains, which 
include a syphon under the Ouvéze stream, to conduct 
the water by gravitation to a point downstream of the 
dam, whereas that from la Voulte will be led to a sta- 
tion from which it will be pumped into the Rhéne. 
On the left bank of the river is a low-lying plain with 
the villages of Loriol and Livron on either side of the 
Dréme rivulet. An insubmersible dyke protects the 
area from the diversion canal and connects with the 
embankment on the left bank of the Dréme. The right 
bank of the Dréme has a dyke stretching northwards 
on the left bank of the Rh6ne to protect the island of 
Printegarde opposite to the village of la Voulte. The 
dyke is so constructed that in the event of excessive 
floods it can be overtopped at the downstream end, 
thus relieving the flood without subjecting the inun- 
dated area to the direct force of the flood flow. Later, 
the receding water will be returned to the Rhéne 
through a system of regulating drains, thus preventing 
the soil from being washed away. 


Diversion Canal 

The route of the diversion canal follows the line of 
the river and has been chosen to avoid the rock out- 
crops near the canal entrance, which is situated about 
600 m. upstream of the dam. The entrance includes a 
concrete sill at an elevation of 83-00 m. and is very 
similar to that at the Montélimar canal. The canal 
level is to be at 90-75 m., and the enclosing dyke will 
have a crest at 91-75 m. and a parapet ai 92:25 m. 
which is above the highest known flood level and 
makes it unnecessary to provide the entry to the canal 
with a gate structure. Tests on models have assured 
that there will be no risk of erosion. The canal has a 
width of 200 m. and is designed for a flow of 2,000 
cu. m. per sec. at a mean velocity of 1-5 m. per sec. 
The depth of water will vary between 8 m. and 10-5 m. 

A section of the canal dyke is shown in Fig. 20. Be- 
cause of a shortage—even more severe than at Mon- 
télimar—of sufficient gravel at the site for the con- 
struction of the dyke, the Compagnie Nationale du 
Rh6ne resorted to a mixture of alluvium and silt. The 
dykes vary between 5 m. and 11 m. high above the 
natural ground level, the maximum being near the 
power house. 

Special care is taken to deal with the problem of per- 
colation through the dykes. At the foot of each dyke, 
under a thick cover of permeable alluvium, is a layer 
of broken stone, below which is a series of drainage 
channels filled with dressed stones and spaced at 
about 25 m. intervals. The filtration line across the 
dyke is thus low and can be regulated by a counter- 
channel running alongside the canal on the outer side. 
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Fig. 21. The Baix-Le Logis Neuf section of the river 
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Fig. 20. A typical profile of the embankment of the diversion canal 
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Fig. 22. Construction of the diversion canal with the Loriol dam in the background 


across the dyke and under the canal, and the water 
originating from the water table and from already 
existing streams. By regulating the water level in the 
counter-channel, it will be possible to fix the level of 
the water table. Furthermore, the counter-channel will 
be made to receive the waters impounded by the 
northern embankments of the Dréme in the region of 
Livron by means of a syphon across the Dréme. All 
this collected water will pass under the diversion canal 
by means of two syphons, one near the entrance of 
the canal, the other about 1 km. upstream of the 
power station. To protect the canal from erosion due 
to wind and waves, the interior banks are being lined 
with bituminous concrete. The canal will have a width 
of about 200 m. in the plane of the water and its 
depth will vary between 8 m. and 10:5 m. 


Power Station re 
The Logis Neuf power station is in an east-west orien- 








tation across the canal and is built on a foundation of 
calcareous marl, which has not presented any particu- 
lar problem. The layers of alluvium and silt were 
often washed by a very high water table which fre- 
quently rose to the surface. The surface silt was re- 
moved during the dry period of summer and autumn 
of 1957, a deep drainage was dug round the excava- 
tions, and two pumping stations were installed. The 
alluvium is slightly permeable but the percolation is 
not serious. 

The station itself will work under a maximum head 
of 13-5 m. at low water or at an average of 11-7 m., 
and consists of six main bays each accommodating a 
33 MW generating set. The eastern end is used for 
assembly, machine shop, stores and offices. Each of 
the six Kaplan turbines will pass a flow of 320 cu. m. 
per sec. when running at a speed of 79 r.p.m. The 
primary voltage of the alternators will be 10-5 kV. 
The transformers for four of the alternators step up to 
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Fig. 23. Plan arrangement of Logis Neuf power station and lock system 
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Fig. 24. Section on one of the six sets of 33 MW turbo-alternators of Logis Neuf power station 


225 kV and for the two others to 63 kV, the latter 
voltage being for railway electrification. The station 
will produce 1,170 million kWh in an average year. 

As a precautionary measure against accidental un- 
loading of the turbines causing waves in the canal, 
the station is equipped with two discharge culverts 
each having a bottom sluice as well as a flap valve at 
the surface; they are capable of discharging 1,000 
cu. m. per sec. within a few minutes. 


Lock 

The interior lock chamber designed for the Baix-Le 
Logis Neuf development is to be 195 m. long. The 
initial idea of having an intermediate safety gate has 
been dropped in favour of a double gate at the down- 
stream end of the lock, which is safer and more eco- 
nomical. The downstream gate consists of two plane 
leaves one of which can be manoeuvred under a head 
in the manner of a sluice gate. In case of an acci- 
dent to this leaf of the gate it will be disconnected 
from its winch and coupled to the winch of the second 
leaf. The method of water intake and rejection in the 
lock chamber is arranged by two complete and inde- 
pendent circuits of supply and drainage, which en- 
hances the tranquillity inside the lock area and the 
ease of operation. The lock is 12 m. wide and it is 
14 m. deep. 


Tailrace Canal 

The tailrace canal is excavated in the silt and 
alluvium of the Rh6ne and is nearly 2 km. long. It 
joins the river Rh6ne opposite the village of Cruas. 
The canal is 230 m. wide at the water surface and is 
5:25 m. deep to allow for a flow of 1,900 cu. m. per 
sec. at a mean velocity of 2 m. per sec., assuming 
that the Montélimar section, farther downstream, is 
at its normal level. Just below the lock the tailrace 
canal is separated from the Rhéne by an insubmers- 
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ible dyke, but farther downstream the dyke is sub- 
mersible, and, furthermore, the land in between the 
Rhone and the canal is conveniently levelled so that 
it can be submerged in times of heavy flood. 


Excavation and Materials 
The development of Baix-Le Logis Neuf will re- 
quire the excavation of 17 million cu. m. of earth and 
rock and some 500,000 cu. m. of concrete. The labour 
force required for this project is housed partly in the 
same settlements which were specially built for the 
Montélimar development not far away, and partly in 
new settlements, one of which is at Pouzin and three 
others at Loriol, Reys de Saulce and at Logis Neuf. 
The six generating sets are to be installed in one year, 
and the development is expected to be commissioned 
in the summer of 1960. 
The firms providing the major equipment are:-- 
Société des Forges et Aciéries du Creusot 
(S.F A.C.-Usines Schneider) associated with Etab- 
lissements Daydé are providing the dam equipment 
and the gates 
S.F.A.C. are also supplying the lock gates. 
The discharge culvert sluices have been con- 
structed by Etablissements Neyrpic de Grenoble. 
S.F.A.C. are constructing the six turbines, Fives- 
Lille and Escher Wyss the six thrust bearings. 
Four alternators are being supplied by Matériel 
Electrique S.W. and the other two alternators by 
Alsthom. 
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BICC’s 100,000 ton p.a. Copper Rod Mill 





General view of the No. 4 copper rod mill at Prescot 


For the past ten years British Insulated Callender’s 
Cables Limited have followed a consistent policy of 
rationalising and expanding their production capac- 
ity, and a vital stage in their reorganisation pro- 
gramme has now been reached by the inauguration of 
a new 100,000 ton per annum copper-rod mill at their 
Prescot works. Three earlier mills are still in service 
at these works. No. 1 mill, built in 1900, is rolling 
heavy bars for railway electrification contracts, etc.; 
No. 2 mill, built in 1915, has been turned over to the 
manufacture of aluminium rod; No. 3 mill, built in 
1925, is producing copper rod in sizes from } in. to 
2 in., but its capacity of 15 tons per hour has been out- 
stripped by the demand, and the need for a new mill 
has been recognised for some years. The decision to 
build the No. 4 mill, which has cost £1,500,000 exclu- 
sive of working capital, was made four years ago, 
and space for the mill has been made available by the 
transfer of Prescot’s power-cable factory to Erith in 
accordance with the rationalisation programme. 

The new mill is believed to be the most up to date 
in the world, as it combines for the first time in one 
installation the latest techniques found in new copper- 
rod mills on the Continent besides possessing certain 
exclusive features. It is almost completely automatic 
and its operation is electronically controlled. It can 
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produce rod in thicknesses ranging in increments of 
zy in. from } in. to ;°; in., as against 3 in. for the No. 
3 mill. Furthermore, after the roughing-mill stage it 
divides into two independent finishing trains and can 
therefore roll two sizes of wire simultaneously. 

The copper stock is received in the form of wire- 
bars each 54 in. long and weighing about 265 Ib. 
These are loaded by crane into duplicate Wellman 
Smith Owen automatic oil-fired furnaces and are 
heated to 810—830°C. Every 13 sec. a heated bar is 
discharged by way of a turntable and a guide trough 
to a three-high five-pass 20 in. roughing mill. Thence 
it is routed to the left-hand or right-hand finishing 
train by way of a two-high two-stand 15 in. inter- 
mediate roughing mill. In each train there then fol- 
lows a series of 11 in. intermediate finishing mills 
each comprising six stands through which the rods 
loop in zigzag formation. Next the rods proceed to a 
9 in. seven-stand finishing mill the rolls of which are 
mounted alternately vertically and horizontally. These 
finishing rolls are cantilever mounted, and the rolls 
in all the preceding mills are carried in prestressed 
housings. 

At the end of each finishing mill are two pouring- 
type coilers situated on each side of a quenching tank. 
Dogs on a chain conveyor draw the coils from the 
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quenching tank to a mechanical fork lift which loads 
the coils on to a capstan, each boom of which holds 
nine coils. When a boom is full the capstan rotates 
and is unloaded by a stacker truck equipped with a 
single forward-facing boom. 

Continuous quality control is exercised by means of 
three tests. The first consists of recording the tempera- 
ture of each wirebar as it leaves the furnace, using an 
optical pyrometer; the second, carried out at five- 
minute intervals, maintains a micrometer check on 
cross-sectional areas; the third is known as the 
“reverse torsion” test. This puts on ten turns in a 
sample of finished rod to determine the degree of 
oxide scale; by subsequently taking off the turns any 
rolling defects are detected. 

The mill itself was built by The Brightside Foundry 
& Engineering Co. Ltd. and was installed by BICC. 
Much of the building construction was carried out 
by Sir Robert McAlpine & Son Ltd. 

Alongside the mill building is a two-storey annexe 
containing the electrical gear, most of which was sup- 
plied by The English Electric Co. Ltd. This com- 
prises main transformer, mercury rectifiers, switch- 


boards, control gear, motor-generator sets, and a.c. 
and d.c. motors aggregating 6,000 h.p. Some 32 miles 
of BICC cables are installed in the basement, and the 
power-factor-correction capacitors are also of BICC 
manufacture. 

The high capital investment in this mill is held to be 
justified by its production capacity and by its low 
operating cost. It is operated by a crew of only 17 men 
and has a normal production of 100,000 tons per 
annum on a two-shift basis, but with overtime and 
week-end working this figure could be increased to 
125,000 tons. The BICC group uses about half of this 
ouiput in the manufacture of cables and other pro- 
ducts, the remainder being sold to home and over- 
seas customers. All told, the BICC group sells in 130 
countries and manufactures in eleven. It is completely 
integrated from the refining of the copper to the 
manufacture of complete end products, of which 
cables are only one, and can offer cable, wire or rod 
to a world market. 

The new mill was officially inaugurated on May 
10, 1960, by the Rt. Hon. Reginald Maudling, M.P., 
President of the Board of Trade. 


Submarine Blast-Hole Drilling 


Submarine drilling techniques have been advanced 
recently as a result of work carried out by Joy Manu- 
facturing Company, U.S.A., on several channel 
deepening projects, including the St. Lawrence Sea- 
way. The method involves a barge furnished with a 
number of Joy TM-500 drills powered by air com- 
pressors, each driven by a marine-cooled diesel en- 
gine. This barge and drill may be adapted for sub- 
marine blast-hole drilling to operations of various 
sizes in channels, canals and rivers, and outstanding 
results have already been claimed. 

In operation, the barge is anchored over the work- 
ing area and becomes a self-contained drilling plant 
with a limited amount of mobility. Two cables are run 
out diagonally from each end of the barge and an- 
chored at a distance of up to 800 ft. By winching in 





ee 






ee ‘ 
en Sepa 
ss ‘patie 


we tg! * 


on? Ske eel et Sa 


cable at one end of the barge while paying out at the 
other, it can be manoeuvred in accordance with any 
predetermined drilling plan. Piles, one at each corner 
of the barge. are lowered by an air-operated hoist to 
ensure a stationary and level platform for drilling 
operations. 

Assuming a three-drill barge is used, with drills 
having an effective horizontal tracking distance of 80 
ft., the operation proceeds as follows:— Holes spaced 
on ten foot centres permit the sinking of nine holes 
from a single barge position, allotting three holes to 
each drill. Once a tower has been positioned for drill- 
ing it is locked in place by a quick-acting clamp and 
a sandpipe is lowered until it rests on the sediment or 
rock to be worked. The sandpipe functions as a guide 
for the drill steel, prevents material from caving into 
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Three-drill barge carrying Joy TM-500 drills 
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the drilling, and also guides the charge into the hole 
for firing. Drilling then proceeds in the normal man- 
ner, using air pressure to blow the holes. The drill is 
then raised in the tower and a dynamite loading tube 
lowered by air hoist down the sandpipe to the bottom 
of the drilling. The bottom stick of dynamite contains 
a detonator with a lead wire to the barge deck, so 
that after the charge has been ejected from the loading 
tube and the tube withdrawn, the leads from all holes 
may be connected up. The sandpipe can then be raised 
and the drill tower moved to the next position where 
the process is repeated. When all holes have been 
drilled and loaded, spuds are raised and the barge is 
warped by the anchor winches to a position approxi- 
mately 180 ft. from the blast area. 

After firing, the barge is warped back to the next 
drilling position where the entire cycle is repeated. It 
is claimed that there is little basic difference between 
dry and submarine drilling except that each hole must 
be loaded before the sandpipe is moved and each row 
of holes shot before the next row is drilled. 


Vibration Limit Controller 


The new Type 1434 Vibration Limit Controller has 
been introduced by Dawe Instruments Limited (99. 
Uxbridge Road, London, W.5) to measure, monitor 
and record vibration in machines and structures. 
Large rotating machinery, including both hydro- and 
turbo-electric plant, as well as heavily loaded bridges 
and dams can be automatically monitored for exces- 
sive vibration by comparing the signal derived from 
a pick-up continuously with a pre-set bias voltage. A 
trip valve with a heavy-duty relay in the anode circuit 
is triggered if the signal rises above the pre-deter- 
mined level. The relay then shuts down the machine 
or operates an alarm. 

The vibration pick-up is of moving-coil design and 
is hermetically sealed to maintain accuracy under con- 
ditions of high temperature and humidity. Twin 
screened leads up to 200 ft. long enable the controller 
to be placed at a safe distance from pick-ups mounted 
on machines in dangerous or inaccessible locations. 
Over the frequency range from 20 to 400 cycles per 
second (1,200-24,000 revs. per min.) the pick-up 
provides an output voltage proportional to the veloc- 
ity of vibration of the surface with which it is in 
contact. A signal representing displacement is ob- 
tained by applying the output voltage to an integrat- 
ing network followed by amplification and rectifica- 
tion. The resultant d.c. signal is used to operate a 
meter calibrated in peak values of displacement for a 
simple harmonic motion applied to the pick-up. This 
meter reading of average vibration level can be re- 
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corded by plugging in a standard recording d.c. 
milliammeter. 

A sensitivity control provides four ranges: 0-0-001 
in., 0-0-010 in. and 0-0-030 in. British units); or 
0-0-03 mm., 0-0-1 mm., 0-0-3 mm. and 0-1-0 mm. 
(metric units). The controller can be set to trip at any 
vibration level between 20% and 100% of the full- 
scale deflection of the meter on any range. 

The instrument consumes 40 W and can be oper- 
ated from 110 or 200-250 V, 50-60 cycles per second 
mains. Overall dimensions are 10x 149 in. high; 
the weight is approximately 24 lb. The pick-up is 13 
in. in diameter by 2} in. long (without probe) and 
weighs 1 Ib. 


Electric Actuators for 
Valve Control 


Hartleys (Stoke-on-Trent) Limited have issued a 
pamphlet on this device which has been under de- 
velopment for five years. It is marketed under the 
name “Valectric” and is made to meet the rapidly 
increasing use of electric power for operating pen- 
stock valves and sluice gates. They are easy to install 
and take very little maintenance as they are totally 
enclosed and weatherproof, with the gears running in 
oil where necessary, and are thus quite suitable for 
outdoor conditions. All the actuators incorporate a 
sensitive torque-limiting device which makes it virtu- 
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ally impossible to damage any part of the motor, 
valve, or any part of the actuator itself. As soon as the 
thrust opposing the movement of the valve reaches 
the pre-set value the torque limiter is mechanically 
displaced and operates a limit switch which cuts off 
the motor. A warning light can be wired into the 
circuit to indicate when this situation arises. Another 
feature of the torque limiter is that the maximum run- 
ning torque it can develop before cutting out is con- 
siderably greater in the opening than in the closing 
direction and that this torque can be adjusted in a few 
moments by altering the compression of the torque 
spring. Normally, the greatest load to be imposed on 
an actuator is when the valve is being “cracked” open 
and two features have been embodied in the device to 
achieve the necessary snatch: (1) It is so designed that 


when the motor starter is pressed the drive is not 
taken up smoothly but with a sudden jerk. This pro- 
duces an initial lifting effort on the valve greatly in 
excess of the normal starting torque of the motor. (2) 
The limit switch associated with the torque limiter re- 
sets itself and this feature enables the starter to be 
pressed several times without damaging either the 
motor or actuator, each time repeating the snatch or 
impact effect already mentioned. It has been found, in 
practice, that only a very stubborn valve will fail to 
yield to this repeated impact and that it is very rarely 
indeed that recourse has to be made to hand opera- 
tion. Provision can be made for remote control. 

Our illustration shows the No. 2 Valectric powered 
to operate a valve up to 36 in. in diameter and pen- 
stocks up to a clear opening of 16 sq. ft. 


New Allis-Chalmers Loader 





A completely new tracto-loader manufactured by 
Allis-Chalmers is now available in Great Britain 
through Mackay Industrial Equipment Limited. This 
new machine, the TL. 16D, combines the various fea- 
tures demanded by operators for handling big jobs 
profitably. Among these features are four-wheei drive, 
a complete power shift transmission with a 3-5 to 1 
single-stage hydraulic torque converter drive which 
multiplies engine torque up to 350%. Large planetary 
axles are provided, and the axles are pin-connected 
directly to the frame with 2 in. diameter steel pins, 
instead of by the usual U-bolt method, in order to 
eliminate rolling and shifting under load and the 
warping of mounting plates and bolts. The rear steer- 
ing axle has ar oscillation of 20° for negotiating rough 
terrain. 

The engine is an Allis-Chalmers 104 k.p. four- 
cylinder diesel unit, and drives through three speeds in 
both forward and reverse with a top speed of 27 
ni.p.h. Changing into any speed by a single lever is 
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made possible by the Allison transmission and hy- 
draulic clutches. The loader has power steering and 
four-wheel power brakes which can be operated with 
either foot. It also has a separate positive parking 
brake fitted to the transmission output shaft. 

As the principal function of a tractor shovel is to 
carry loads, the governing factor of its capacity is the 
weight it can carry safely and with ease, and not the 
capacity of the bucket. For this reason Allis-Chalmers 
provide a range of buckets for the TL. 16D with capa- 
cities from 14 cu. yd. to 4 cu. yd. all of which are 
based on a 7,000 Ib. carrying capacity and a lifting 
capacity of 17,000 ib. 

The hydraulic system ensures a break-out force of 
20,500 Ib. at the cutting edge of the bucket, which has 
a 40° tip-back angle at ground level and a 45° tip-back 
at the carry position. Air entering the hydraulic sys- 
tem is double filtered, and oil is continuously filtered 
by a full-flow micronic filter and by magnetic and 
conical screen filters. Dumping height of the new 
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loader is 9 ft. from the cutting edge of a 2 cu. yd. stan- 
dard bucket tipped at 45° with a 3 ft. reach. 
General dimensions are:— 


Overall length (bucket at carry position) 17 ft. 6 in. 
Overall width bn a 7 ft. 6 in. 
Ground clearance .. ¥ = ay 'm. 3 m. 
Shipping weight with 2 cu. yd. bucket .. 18,000 Ib. 


Optional equipment includes special tyres, all- 
weather operator’s cab, heater and defroster. Special 
buckets, lift forks, crane hooks, backfiller blade, bucket 
teeth and trench hoe are also available. Further de- 
tails and free demonstration arrangements can be ob- 
tained from Mackay Industrial Equipment Limited, 
Central Way, Feltham, Middlesex. 


Puncture-Proof Line Insulators 


The use of pin insulators for medium-voltage over- 
head distribution lines is standard practice all over 
the world. The usual arrangement is a forged-steel pin 
with a tapered thread which screws into the pin hole 
in the porcelain, a metal ferrule being cemented in 
the pinhole to receive it. Millions of insulators of this 
type are in use throughout the world and are giving 
good service, but there are certain areas where con- 
ditions of lightning severity and sea coast pollution 
cause troubles to the maintenance engineer. Where 
lightning storms are frequent and surges of very steep 
fronts can be imposed on the conductors, punctures of 
this type of insulator can occur. Again, in coastal 
areas where salt deposits form on the insulators fre- 
quent flashovers are sometimes experienced and are 
difficult to avoid. 

To overcome these disadvantages and offer other 
improvements a surge-proof insulator has been pro- 
duced by Doulton Industrial Porcelains Limited, 


Tamworth, England. This is their type BC 46 which 
is particularly suitable for bad lightning areas and 





Fig. 1. Raising a V-type aluminium-alloy tower 
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sea-coast locations. The design does not use a separ- 
ate pin. It is complete ready for bolting to the cross 
arm. Any damage is readily seen as it must occur on 
the sheds and the white surface of a break is clearly 
seen against the dark-brown glaze. A long creepage 
length (14 in.) is exposed in its entirety to the washing 
action of natural rainfall. It is claimed to be virtually 
impossible for this insulator to be punctured under 
any conditions. 

The BC 46 insulator is being supplied with stan- 
dard head size and fixings to suit steel or wood cross- 
arms. 


Self-Drilling Concrete Anchors 


The Phillips “Red Head” self-drilling permanent 
concrete anchor system is now being introduced in 
Great Britain. It was originally placed on the market 
by the Phillips Drill Company, Michigan City, 
Indiana. This device is a self-drilling hollow-core ex- 
pansion shell which cuts its own hole into concrete 
without spalling. A simple plug is then fitted and ex- 
panded into the anchor giving it an extensive holding 
power. The anchors can be installed by hand, there 
being a whole series of interchangeable chuck com- 
ponents to fit all makes and models of air and electric 
drills. Further details are available from Mr. H. W. 
McMullan, 10 Union Court, Old Broad Street, 
London, E.C.2. 


Aluminium Transmission Tower 


The Aluminium Company of Canada Limited have 
designed a lightweight transmission tower which, it is 
stated, can be erected by one crew in seven minutes, 
this time being taken from the moment of lifting a 





Fig. 2. A V-type tower in service 
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preassembled assembly to the securing of the guy 
wires. The accompanying illustrations show a proto- 
type tower being hauled up and a tower in service on 
one of the 345 kV lines connected with Alcan’s new 
Chute-des-Passes station. 

The unit is a V-type guyed single-circuit tower, and 
with the exception of the bolts, guy wires and anchor- 
ages the whole structure is in aluminium alloy. The 
legs are in sections 21 ft. long, easily handled by two 


men, and six to ten sections are required for each 
tower, depending on the height. The aluminium 
weight of a 96 ft. tower is only 2,400 Ib. Five footings 
are required—a central footing to carry the tower and 
four guy anchorages. 

The 96 ft. tower has been subjected to test loads up 
to 93,000 Ib. and tests have been conducted with a guy 
wire removed to establish that the tower will stand 
securely even if a guy is broken. 





Book Reviews 





Wasserkraftwerke, Vol. II (High-Pressure and 
Pumped-Storage Installations). By Prof. Dr. E. 
Mosonyi, Klado Academy, Budapest. Published by 
Ungarischen Academie Der Wissenschaften, and dis- 
tributed by Kultura Hungaria Trading Company, 
Budapest 62, P.O. Box 149.24 x 17cm. Cloth bound. 
1,142 pp., 742 ff. Price £5 15s. Od. 

Vol. I of Mosonyi’s “Wasserkraftwerke” which 
covered low-head installations was published in 1956 
(reviewed in WATER Power, Jan. 1957). An English 
translation was released in 1957. Vol. II is concerned 
with high-head hydro-electric plants and pumped stor- 
age, and the two books, together with Vol. IIT now in 
preparation, are in some ways a European counter- 
part of “Hydro-Electric Engineering Practice” edited 
by Guthrie Brown and published in 1958. 

Vol. II is logical in approach but apart from its 
interest as a historical exposition of technical develop- 
ment, the earlier chapters attempt to classify and 
analyse basic component problems such as steel and 
concrete-lined pressure tunnels and shafts, surge 
chambers and pipelines. Unfortunately this is not car- 
ried into the more complex fields but nevertheless the 
data constitute a useful catalogue of typical construc- 
tions culled from international hydro-electric litera- 
ture. 

The principal types of medium and high-head in- 
stallation and their major features are reviewd in 
detail. 

Open channels, dealt with in Vol. I, are briefly 
touched upon and in emphasising the importance of 
sand and silt exclusion presents a mathematical rela- 
tionship for the principal dimensions of structures for 
this purpose in terms of transported material charac- 
teristics and hydraulic conditions. 

Considerable space is devoted to pressure tunnels 
and vertical shafts, their location and construction in 
respect of strength, watertightness, leakage, and pres- 
sure grouting leading up to concrete and steel-lining 
design by study of combined shell and rock, elastic 
and plastic stress behaviour. This is a valuable initial 
approach to such problems and in introducing impor- 
tant matters such as rock overbreak, head loss, an- 
chorage, prestressing and prefabrication, seismic and 
geophysical exploration and pressure grouting tabu- 
lates much useful numerical information. 

Surge chambers upstream and downstream of the 
power station are described. While the mathematical 
analysis is competent without being original it is a 
constructive and broad summary of much notable 
literature subsequent to Calame & Gaden’s classic 
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treatise leading up to the elaborate step-by-step com- 
putations, based on finite differences, and Schok- 
litsch’s graphical methods for variable cross sections 
or unusual arrangements determined by geological, 
hydraulic, structural or load considerations. Large ex- 
cavations may be involved and typical drawings of 
complex designs incorporating upper and lower ex- 
pansion chambers, overflow, throttling and differential 
action, are coupled with examination of small and 
large water-level oscillations accompanying load 
acceptance and rejection, damping, stability and 
safety factors. 

A comprehensive introduction presents data on 
steel pipelines of plain, banded and multi-layer con- 
struction, as conditioned dimensionally, inter alia, by 
head loss, pressure regulation, governing, economics, 
manufacturing limitations, erection methods and 
other considerations, all of which are discussed. Some 
information is also given on _ reinforced-concrete, 
asbestos-cement and wood-stave designs. 

Various types of pipeline valves are described and 
their fields of application defined. Valve-chamber 
equipment, design and static investigation along with 
anchor blocks and saddles, include component forces 
and analysis for simple and complicated arrange- 
ments. 

Some 200 pages cover the historical development of 
underground power stations and their economic and 
technical merits compared with overground designs 
described in Vol. I. The general shape and internal 
construction of the cavern and its location relative to 
the reservoir and pressure or free-flow tailrace tunnel 
outfall, are reviewed in terms of access, surge cham- 
ber, geological and structural considerations. In addi- 
tion important subsidiary aspects of plant layout are 
discussed, including transformer and switchgear loca- 
tion, cabling, earthing, general safety precautions, 
lighting, ventilation and air conditioning, colour 
schemes, acoustic and other specialist amenity ques- 
tions, essential to the success of this form of construc- 
tion, irrespective of the type of turbine and generator 
and their physical requirements. Drawings, principal 
data and unusual features of installations in Eastern 
and Western Europe and elsewhere provide guidance 
on general design. 

Valley dam power stations, their arrangement and 
equipment for varying site conditions are examined 
in lesser detail, mainly by way of typical illustrations. 

While the sections on generating machinery ap- 
propriately concentrate on Pelton and high-head 
Francis turbines and considerations concerned with 
their selection, mechanical components, approximate 
dimensions and weight in sufficient detail (112 pages) 
to be consistent with that accorded to other important 
topics, the 19 pages allocated to salient-pole alterna- 
tors is unlikely to escape specialist criticism. 

The chapter on pumped storage (185 pages) em- 


285 











 KALIPKIP 


cs LUBAS 





THEY USED LIONS ON LUZON 


...-to put a river to work 


A few years ago the Agno River in Central Luzon was just 
another river. Today it is one of the keys to prosperity in the 
Philippines. A great, six-stage power and irrigation scheme 
is being carried out along the Agno for the National Power 
Corporation of the Philippines. When it is completed the 
mines and light industries of the Cent al Plain will have a 
430,000 kW power supply to draw upon and, for the first time, 
farmers will be able to cultivate their land during the six 
dry months of the year. 

The first stage of the scheme, Ambuklao, was completed at 
the end of 1956. Now, the Binga dam - 12 miles downstream 
-is ready. Built by the Philippines Engineering Syndicate 
Inc., Binga has a generating capacity of 100,000 kW. Its 
features include a rockfill dam and chute spillway with 
six gates ; a concrete-lined pressure tunnel leading from the 
power intake to the turbines in the underground power house; 
and a concrete-lined tailrace tunnel, 1-2 miles long to carry 


Sttlas Copco 


discharged water from the draft tubes back to the river. 


All underground drilling - including excavating two diversion 
tunnels and two vertical 250 ft. deep shafts as well as the inlet 
and tailrace tunnels and power house —- was carried out with 
Atlas Copco ‘ Lion’ rock drills fitted with pneumatic pusher 
legs and Sandvik Coromant drill steels. 


Altogether 50 ‘ Lion’ rock drills and 8 Atlas Copco 665 c.f.m. 
skid-mounted compressors and ancillary equipment were 
used on the Binga project. 


The world’s most widely used drilling combination 


Designed and developed for use together, Atlas Copco rock 
drills and Sandvik Coromant drill steel equipment form a 
perfectly balanced team. Currently drilling 1,650,000,000 ft. 
a year, equal to 41 holes from pole to pole, the combiration 
is today the most widely used in the world. 


PUTS COMPRESSED AIR TO WORK FOR THE WORLD 


Contact your local company or agent or write to Atlas Copco AB, Stockholm 1, Sweden 


psa/a 
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bodies an elementary review of pure and mixed 
schemes using daily, weekly and annual cycles but 
the civil-engineering and plant layout drawings of 
notable European installations for different applica- 
tions and operating conditions are valuable references 
to current practice. 

Paragraphs concerning upper and lower storage 
characteristics, volumes and dimensions are subse- 
quently coupled with problems of water leakage, 
drainage systems, evaporation, ice, wave action and 
pore-pressure effects in natural and artificial reser- 
voirs. Other civil-engineering matters such as head- 
works, pressure tunnels, gates and screens, surge 
chambers, pipelines, valve chambers and power- 
station structures, are considered in respect of two- 
way flow. With earlier chapters on cognate questions 
in conventional hydro-electric stations this provides 
an excellent introduction to those which may arise in 
the project design stage. 

The same remarks apply to hydraulic machinery 
where the broader aspects of pump and turbine speed 
are competently embraced with flow control, 
mechanical/hydraulic design and construction. Acces- 
sory equipment such as priming pumps, disengageable 
and automatic changeover couplings, thrust bearings 
and provision for synchronous-condenser operation 
are also mentioned. 

Some guidance is given on turbine and pump set- 
tings and the relative merits of vertical and horizontal- 
shaft units. The characteristics which govern the ap- 
plication of Francis and Pelton turbines coupled to 
multistage pumps are generalised for head and flow 
conditions through specific speed, and appropriately 
related to normal and abnormal] transient hydraulic 
conditions which arise following power failure during 
pumping, involving reverse flow and machine rota- 
tion. 

The economic aspects are mentioned in connection 
with turnel dimensions, loss analysis, unit generating 
and pumping capacities and two-speed operation. An 
interesting historical review of Francis & Deriaz re- 
versible pump-turbine development for mixed 
pumped storage and tubular Kaplan designs for tidal- 
power schemes with references to research on revers- 
ible multistage units are included. 

Although Vol. II may not fulfil the promise of Vol. 
I and does not offer much original thought on design 
and construction, a book of this scope cannot be a 
complete exposé of every problem which can arise in 
practice, to the satisfaction of the enquiring specialist 
mind and those with broader interests. While Mosonyi 
has not attempted a critical and comparative technical 
analysis of classified problems, Vols. I and II form 
an encyclopedia on hydro-electric and pumped- 
storage developrrent and an excellent introduction to 
specialised textbooks. They should find a place on the 
bookshelf of students and practising engineers, since 
the drawings and photographs provide a preliminary 
approach to major design and construction problems 
with guides to those already encountered on major 
undertakings and the solutions adopted to overcome 
them. Vol. III embracing dams, barrages, navigation 
locks, gates and valves, power station operation and 
economics, including cost allocation on multipurpose 
schemes should be interesting. 

For students with an average German vocabulary, 
reading is straightforward and one commendable fea- 
ture is the frequent use of numerical examples to illus- 
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trate points made in the text. Clear printing, a good 
bibliography with a subject index and another cover- 
ing power schemes, all contribute to the value of this 
up-to-date survey of high-head hydro-electric 
developments 

Surprisingly there are few references to Soviet tech- 
nical literature, design and construction work, giving 
the impression that Western European high-head de- 
velopments are closely examined to provide back- 
ground experience. 


Aluminium Busbar. By A. G. Thomas and P. J. H. 
Rata. Hutchinson Scientific and Technical, 178-202, 
Great Portland Street, London, W.1. 105 pp. Price 
2Is. 

The use of aluminium as a busbar material is in- 
creasing widely and this is mainly due to its relative 
cheapness, light weight and ready weldability. Its 
density is about a third that of copper and it has a 
relative current-carrying capacity of 75%. The copi- 
cus literature already published is usually on the 
general uses of this metal and is naturally of a pub- 
licity nature, but a welcome trend has become notice- 
able in recent years in the publication policy of large 
organisations, which is to produce books, not merely 
for propaganda purposes, but of genuine technical 
value. This interesting book, sponsored by the 
Northern Aluminium Co. Ltd., is a publication of this 
type. It is amply illustrated and refers constantly to 
the various British Standards, gives the practical de- 
sign formulae, and includes many photographs of 
various aluminium busbar systems in existence. It 
also gives appropriate hints of a practical nature 
which can be extremely useful in the construction of 
busbars and which will be readily appreciated by the 
transmission engineer. 


Stauanlagen und Wasserkraftwerke (Dams and 
Water-Power Plants). By Dr. Ing. Heinrich Press, 
Professor at the Berlin Technical University. Pub- 
lished by Wilhelm Ernst und Sohn, Berlin-Wilmers- 
dorf, Hohenzollerndamm 169. Volume II, Wehre 
(River Barrages), 2nd Edition, XII-396 pp., 719 ff.. 
5 tables. 64 in. by 94 in. Price, paper-wrappered DM. 
52, bound DM. 56. 

Similarly to the second edition of this great work’s 
first part, “Talsperren (Dams),” reviewed in our issue 
of July 1959, p. 276, this new edition of Part II has 
been considerably enlarged; in fact the number of 
pages and illustrations has been almost doubled. The 
layout of the first edition could hardly have been im- 
proved upon, and the numbering of chapters and sec- 
tions (decimal classification) has remained exactly the 
same, except at the end of the volume, where twenty 
pages on the important problem of ice control at weir 
structures have been inserted between the two chap- 
ters on special and accessory works. Detailed con- 
siderations on silting and its prevention are another 
valuable addition. The sections of chapter 2, dealing 
with controlled weirs and the various patterns of 
vertical-lift and other gates, have grown from 82 to 
164 pp., and extend in text as well as illustrations to 
the most recent developments in gate design and con- 
struction. The book is divided into three main chap- 
ters: 1. General notions; 2. Weir types; 3. Special 
works (intakes, locks, raft and small-boat passes, fish 
ladders). Four secondary chapters are devoted to ice 
control, accessory works (dykes, bank protection), 
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Wherever information on fluid flow is required, 


the de Havilland POTTERMETER 


sets new standards of accuracy and reliability 








This new turbine-type flowmeter enables major advances to be made 
in the techniques of flow measurement and control. The de Havilland 
Pottermeter is the only flowmeter which offers all these features: 


Accuracy to + 0-1% or better on repetition work, + 0-5°, or better over a 20-1 range. 
Calibration remains constant over wide flow ranges. 


Contains only one moving part—no thrust bearings —demands a minimum 
of maintenance. 


No larger than the pipeline in which it is installed —may be mounted in any attitude. 


Can be supplied with indicating, recording and process control equipment — 
gives digital presentation of results. 


Can measure volumetric or mass flows. 


Models available to measure flows from 0-1 to 40,000 Imperial gallons per minute, at a 
wide range of operating pressures. Larger and smaller sizes made to order. 


Manufactured as standard in stainless steel—can be made 
in any non-magnetic material. 


Write now for further details to: 
DE HAVILLAND PROPELLERS LIMITED 
(INDUSTRIAL SALES DIVISION) Hatfield, Herts 
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construction work and supervision of installations. 
There is an abundant bibliography, including works 
published as recently as in the first half of 1959; a use- 
ful index, which covers subjects, authors and sites of 
important works, completes the book, which from the 
aspect of production is fully up to the standard of its 
first edition. If we have one criticism to make, it is 
that, more particularly in the second half of the 
volume, there are a few instances of illustrations set 
on pages rather too far apart from the appurtenant 
text; to be fair, this could hardly have been avoided 
with such a profusion of illustrations. 


Laboratory Testing in Soil Engineering. By T. N. W. 
Akroyd, M.Sc.(Tech.), A.M.L-C.E., A.M.LStruct.E. 
Published by Soil Mechanics Limited, 65 Old Church 
Street, Chelsea, London, S.W.3. 233 pp. (including 
index). Illus. 

Until 1939 the science of Soil Mechanics was almost 
wholly in the research stage and there were no stan- 
dard tests for determining the engineering properties 
of a soil. Since then increasing knowledge of soil pro- 
perties and its practical use in engineering problems 
has led to common agreement in the methods used 
for soil testing in different countries and some 
approach to a standard procedure is now evident. 
Some of the tests have, indeed, been adopted by the 
British Standards Institution and are now standard 
practice. 

This book describes a procedure which has been 
evolved in the laboratories of Soil Mechanics Limited 
over a number of years and incorporates many ideas 
borrowed from laboratories at work in other coun- 
tries dealing with these problems. The book deals with 
the description of a sample; its moisture content, 
index tests, sizing analysis, compression and shear 
tests, consolidation tests, compaction tests, California 
bearing ratio tests, soil stabilisation tests and so on. 
An appendix is given on laboratory equipment used 
in the tests. 


Application de la Géologie aux Travaux de I’In- 
génieur (Application of Geology to the Engineer’s 
Work). By Jean Goguel. Published by Masson and 
Cie., éditeurs, 120 Boulevard Saint-Germain, Paris 
VI. 358 pp. 118 ff. Price: 43 N.F. 

With the present-day technique of design and con- 
struction, no engineer is prepared to undertake a pro- 
gramme of public works without first considering the 
geological problems to be faced. Geology plays an 
ever-increasing role in any major civil-engineering 
works and many books on the subject have been writ- 
ten in various countries. These books have usually 
been conceived as textbooks on geology, alihough in 
some cases references have been made to different 
types of civil engineering works, possibly illustrated 
by examples. 

The conception of this book is very different. It 
does not attempt to give a general knowledge of 
geology, with which the reader is assumed to be al- 
ready familiar, but to present complementary infor- 
mation about the problems that might confront the 
construction engineer. The book is destined essentially 
to aid the geologist in his role as a consultant in the 
design of a structure of any kind, but it will also per- 
mit the engineer to understand better the significance 
of geology in this field of construction. 

The 18 chapters in this book may be grouped into 
the following sections, each dealing with a specific 
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aspect of the subject. Chapters I to IV deal with de- 
sign procedures and with methods of strata investiga- 
tion, including boring, shaft drilling and geophysical 
surveying. Chapters V to IX discuss the hydrological 
properties of rocks and particularly those with which 
the engineer is immediately concerned, such as poros- 
ity and its measurement, permeability and Darcy’s 
law, role of the ions and electro-osmosis. The ex- 
ploitation of underground water and the safeguarding 
of structures against underground water are also dis- 
cussed. Chapter X is devoted to thermal phenomena 
such as the propagation of heat in the ground and the 
roles played by water and temperature in tunnels. 
Chapters XI to XV are entirely concerned with rocks 
and their properties. They outline the chemical and 
physical processes, dissolution and _ oxidation; 
mechanical properties of rocks considered for build- 
ing materials, viz., aggregate for concrete; properties 
of compressible rocks and the effect of water pressure 
and filtration; stresses in incompressible rocks; dia- 
clases, their origin and their mechanical role. Chap- 
ters XVI to XVIII deal with the dynamic aspects of 
geology. These three chapters discuss volcanoes, 
earthquakes and landslides, erosion and profile varia- 
tion, the effects of glaciers, snow, wind and sea. 

The author mentions, as examples, a few of the 
hydro-electric schemes in France, such as Serre Pon- 
gon, Donzére-Mondragon and Génissiat, where cer- 
tain procedures were carried out. The construction 
engineer should find this book a useful supplement to 
his knowledge of applied geology. 


U.S.S.R, Patents and Inventions. Published by the 
Pergamon Press Limited, Headington Hill Hall, 
Oxford, England; also New York and Paris. Nos. 1 
and 2. Vol. 1. 1959. 173 pp. Subscription rate £50 
($150) per annum; this should be sent to Pergamon 
Press Limited, 4 and 5 Fitzroy Square, London, W.1, 
or to Pergamon Press Inc., 122 East 55th Street, New 
York 22, N.Y., U.S.A. 

This publication is essentially a translation of jour- 
nals covering all types of Russian Patents and Inven- 
tions. The text is entirely in English and includes 
abstracts of patent specifications taken out recently 
in the U.S.S.R. They cover such subjects as Chemistry 
and Chemical Engineering; Electrical and Mechanical 
Engineering; Agriculture; Mining; Measuring Instru- 
ments; Civil Engineering; Industrial Gases; Building; 
Fuels and Prime Movers; Precision Engineering; 
Aeronautics, etc. 

Subscriptions to any of these specialised sections 
can also be taken out and arrangements have been 
made for the supply of authoritative translations to 
be provided. This service should prove very useful 
to inventors, industrialists, engineers and certain 
scientists. 


LE.C. Publication 117-1. Recommended Graphical 
Symbols, Part I: Kind of current, distribution systems, 
methods of connection and circuit elements. Ist. edi- 
tion. 19 pp. Price: 6 Sw. Fr., plus postage. 

This publication, which will be issued in parts, will 
replace former Publications 35 and 42 dealing respec- 
tively with graphical symbols for heavy and light cur- 
rent electrical engineering. Part 1 contains 93 symbols 
dealing with kind of current, distribution systems, 
methods of connection and circuit elements. 

The above publications may be obtained from the 
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Power Stations 
and Substations 


Sécheron Works Co Ltd, Geneva, 
the specialists in the electrotechnical 
field, supply all kinds of equipment 
for complete power stations and 
substations : 


High capacity A.C. and D.C. motors 
and generators. Power transformers 
of all sizes and voltages. Automatic 
regulators for various types of 
controls. Pumpless mercury arc 


po{=teial=laele rectifiers, semi-conductor rectifiers. 

Further lines of production: Electric 
traction equipment, Welding sets and 
electrodes. 





ww 


S.A. des Ateliers de Sécheron, Geneva, Switzerland 
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Central Office of the International Electrotechnical 
Commission, | rue de Varembé, Geneva, Switzerland. 


I.E.C. Publication 34—1. Recommendations for Rotat- 
ing Electrical Machinery (excluding machines for 
traction vehicles). 6th. edition. 33 pp. Price: 8 Sw. Fr.. 


plus postage. 
The recommendations given in this publication ap- 


ply to rotating electrical machines without limitation 


of output or voltage. The contents are basically as in 
the fifth edition but some changes have been intro- 
duced into the sections on definitions, ratings and rat- 
ing plates. The most important changes are in respect 
of temperature rise which has been extended to in- 
clude the new classes of insulating materials embraced 
by I.E.C. Publication 85. Methods of measuring the 
efficiency of rotating machines are given separately 
in I.E.C. Publication 34—2. 








Abstracts from the 
World Technical Press 





Tungabhadra Project 

The undermentioned special issue is devoted ex- 
clusively to this great multi-purpose scheme, covers 
all its aspects, and contains among others the follow- 
ing articles of special water-power interest: Tunga- 
bhadra Hydro-Electric Scheme, by B. K. Gokhale; 
Salient Features of the Construction of Dams, by K. 
V. Ekambaram; Foundation Treatment in the Tunga- 
bhadra Dam, by K. R. Rajagopalan; Power Position 
in Greater Mysore. by J. L. D’sa. (/ndian Journal of 
Power and River Valley Development, Vol. IX, No. 
2, February 1959, 65 pp.. 39 ff.) 


Progress at Navajo Dam 

With the help of a highly effective and powerful 
equipment, operating with a construction plant that 
takes maximum advantages of favourable site and 
borrowpit conditions, contractors expect that the fill 
of the 383 ft. high and 3,800 ft. long Navajo dam, 
which creates a 1,712,000 acre ft. reservoir as a unit 
of the Colorado River storage project, can be finished 
by the end of 1961. A description is given of the 
major implements in operation at the construction 
site: carrying scrapers that can handle a 27 cu. yard 
load, a walking dragline with a 17 cu. yard bucket 
that excavates the underlying gravel for the pervious 
zones of the dam, and a compaction equipment con- 
sisting of self-propelled tamping rollers 5 ft. in dia- 
meter and 6 ft. long. This has four engines—one to 
each roller—connected by a common. throtile. 
(Engineering News-Record, Vol. 163, No. 7. August 
13, 1959, p. 40, 3 pp., 5 ff.) 


Balancing Reservoirs 

In this paper, read at the fourth general meeting 
of the Swiss Association for Soil Mechanics and 
Foundation Work, the author gives a detailed account 
of the experiences he collected while construction 
work was in progress on two typical specimens of 
balancing reservoirs. These include the entirely arti- 
ficial Eggen reservoir and the natural Bergli reservoir 
—a feature of the Simmentaler Kraftwerke AG, 
created by the enlargement of the Egelsee. Both pro- 
jects were worked out by Société Générale pour I’In- 
dustrie (SGI), a Geneva firm of consulting engineers. 
The topography and geology of the two sites are 
reviewed, and the author then deals first with con- 
struction work at the Eggen reservoir. 53,500 cu. m. 
in capacity, with dykes aggregating 22,400 cu. m. in 
volume. The selection of material for the dykes and 
the bitumen blankets, as well as the design of the 
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drains and the compacting of the impervious blankets 
is described. Difficulties were encountered in connec- 
tion with the setting up of the bypass which enables 
the reservoir to be put out of service without inter- 
fering in any way with the working of the run-of- 
river power station. An initial impounding of the 
reservoir indicated losses of 30 lit. per sec., which sank 
to 2°85 lit. per sec. after a joint between the outlet 
block and the impervious blanket had been repaired. 
Bench marks sited on the dykes and on the bottom 
culvert showed there had been no settling after the 
reservoir had been commissioned. The objections 
raised as to ice hazards in winter have proved un- 
founded. During the 1957 and 1958 winters it was 
ascertained that blocks of ice simply slid upon the 
very smooth blanket without causing any rents. On 
the other hand, in the summer of 1958, when the reser- 
voir was emptied for inspection, it was discovered 
that in certain zones of the floor. areas of a few square 
metres presented dips which formed puddles 10 to 
20 cm. in diameter and about 6 cm. deep. There was 
even a hole about 30 cm. in diameter in the blanket. 
and yet the discharge of the drains had not appre- 
ciably increased. Following an overhaul of the filter- 
ing layer, measuremenis did not show any further 
deficiencies, and established the exceptional resistance 
of the impervious blanket to deformation under the 
pressure of the water and at relatively low tempera- 
tures not exceeding 7°C. Conditions at Bergli were 
in every respect different. since a natural lake, the 
Egelsee, was available, which only needed to be en- 
larged to a useful capacity of 125,000 cu. m. The re- 
ports on the surveys taken in 1952 and 1953, however, 
had strongly disputed the suitability of the site, and 
it was only after two extensive series of borings that 
construction work began in the spring of 1957 by first 
lowering the level of the lake by pumping. The ex- 
pected slipping of peat layers from the banks into the 
lake extended the following summer to lacustrine 
chalk and the underlying clay, and the contractors 
found out that excavating in a single operation the 
very soft bed of the lake might have proved dan- 
gerous. Fortunately, a workable moraine near by 
made available an abundance of suitable ballasting 
material and temporary causeways were laid on the 
bottom of the reservoir with this material. The exca- 
vation work was thus completed within a fairly short 
time with the help of lorries, power shovels equipped 
to operate as draglines, and other implements. Work 
on the banks then began, but while the south bank 
was fairly early made impervious, peat and lacustrine 
chalk on the north bank again confronted the con- 
tractor with awkward difficulties. The building of a 
filtering layer on a 70% slope was quite out of the 
question, and a stone-pitched facing, resting on a 
layer of porous mortar to check internal erosion, was 
resorted to. In May 1957, an earthfill dyke had to 
be provided to stop massive slipping of peat from the 
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This Holman Rotair portable rotary screw 
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dump of excavated material into the bed of the Simme 
River which feeds the Simmenporte storage reservoir 
of the Berner Kraftwerke. It took until August to get 
this dangerous situation under control. The stability 
of the east bank was secured by easing to the utmost 
(1:20 in the bottom, 1:10 in the top section) the 
steepness of the bank, and unloading material from 
the top section of the slope above the minimum level 
of the lake. Another improvement was brought about 
by increasing the cohesion of the peat layers from 
0-11 to 0:27 kg. per sq. cm. by bedding them on 
gravel. as at the south bank, but using ungraded 
material. In view of the serious difficulties encoun- 
tered, a bypass was also provided, so as to enable the 
intake to be fed without using the balancing reservoir. 
Impounding began in the autumn of 1958, and the 
geological forecast proved correct; the stability and 
the behaviour of the north and south banks were satis- 
factory, and subsequent measurements failed to show 
any settling of the slopes. A comparative analysis of 
expenditure established that the Bergli balancing 
reservoir, in spite of all the difficulties which arose 
during its construction, cost specifically less than the 
Eggen reservoir, viz. 15 Sw. Fr. per cu. m. of stored 
water. (J. C. Ott, chief engineer SGI, Bulletin Tech- 
nique de la Suisse Romande, Vol. 85; No. 20, Septem- 
ber 26, 1959, p. 301; No. 23, November 7, 1959, p. 
357; 17 pp., 38 ff.) 


U.S.S.R. Start Work on Aswan Dam 

First-stage construction work at Aswan began early 
last January. The upstream cofferdam is to be built 
by the technique generally applied on the Volga and 
other large Soviet rivers, that is by dumping the coarse 
material—granite rubble—from trucks driven out on 
pontoon bridges over the cofferdam site. Fine material 
will be dumped above the cofferdam site. leaving the 
current to drift it into place. Eventually, the upstream 
cofferdam will become part of the main dam. Major 
difficulties at this stage lie in the depth (65 to 130 ft.) 
and flow rate of the water. During the flood season, 
up to 350.000 cusecs may flow over the 1,650 ft. coffer- 
dam. Another difficulty anticipated by the consulting 
board is the presence of layers of permeable gravel 
near the cofferdam abutments, which may create a 
danger of failure by piping. Two changes were made 
by the Russians in the original plant: (a) diversion by 
a simple open channel instead of seven tunnels; (b) 
substituting granite for dune sand in an 83 ft. deep 
foundation layer. (Engineering News-Record, Vol. 
164, No. 3, January 21, 1960, p. 26, 1 f.) 


Zurich Corporation’s Bergell Plants 

The two undermentioned journals give comprehen- 
sive descriptions of the definitive arrangement of this 
project, now in course of construction in the Grison 
Canton (see WATER PoweR, May 1955, p. 196). 
Strictly to schedule, excavation work on the 27 km. of 
pressure tunnels and shafts of the main stages. 
Albigna—Forno and Castasegna began in the summer 
of 1955, and was completed in August 1957, where- 
upon the first 30,000 cu. m. of concrete were poured 
at the Albigna dam in the autumn of 1957, followed 
by 524,000 cu. m. in 1958. The remaining 415,000 
cul. m. were expected to be in place by the end of 
1959. A preliminary impounding of 25 million cu. m. 
of water was to begin in the summer and autumn of 
1959. Meanwhile, work on the power houses had ad- 
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vanced far enough to enable generating sets No. 2 and 
3 at the Lobbia plant (Abigna-Forno stage), and one 
of the sets at Castasegna to be put into operation last 
summer. A further set was expected to be on the line 
at each of the two plants during the winter of 1959/ 
1960, while generation at the Maroz plant is to com- 
mence during the next winter. Upon completion of the 
Bondasca installations in 1961, the whole of the Ber- 
gell group will then be in commission. This develop- 
ment drains a catchment area of 183-1 sq. km., the 
aggregate yearly discharge available being 363 million 
cu. m. The power station of the main stage of the sys- 
tem at Lébbia will be fed from both the Albigna 
reservoir and the Forno intake, and its generating 
equipment consists of two pairs of 22,000 h.p. Pelton 
wheels driving 32 MW generators, a 12,000 h.p. Pel- 
ton turbine coupled to a 8-5 MW generator-motor, 
and a 7 MW storage pump actuated by gearing either 
hydraulically from the turbine, or electrically from the 
motor fed with current drawn from outside sources. 
The equipment of the lower main stage at Castasegna 
comprises two pairs of 22,500 h.p. Pelton turbines. 
each pair driving a 33 MW generator. The two 
secondary stages have the same installed capacity. 
6 MW, but while the Maroz generator is driven by a 
two-nozzle 8,800 h.p. Pelton turbine passing 2:4 cu. 
m. per sec., the Bondasca unit is driven by one two- 
nozzle and one single-nozzle wheel with an aggregate 
output of 8,800 h.p. and an aggregate discharge of 2-7 
cu. m. per sec. The Bondasca power house is under 
remote control from Castasegna. The installed capac- 
ity of the whole system aggregates 207,000 h.p. with 
a capacity of 150 MW. The yearly production is 449 
GWh, of which 260 GWh (58%) is winter energy. 
(Alfred Kocher, Technische Rundschau, Vol. 51, No. 
40, September 25, 1959, p. 3, 6 pp., 25 ff.) (Obering. 
W. Zingg, Wasser- & Energiewirtschaft—Cours d’ Eau 
et Energie, Vol. 51. No. 7, July 1959. p. 183, 7 pp.. 
8 ff.) 


Rio Duero Development 

From its source in the Iberic Cordillera, in Old 
Castile, to its mouth at Oporto, this river, better 
known in this country under its Portuguese name of 
the Douro, flows over a length of 850 km., out of 
which 106 km. form the frontier between Spain and 
Portugal. This article deals exclusively with the 
development of the Spanish course of the river and 
of the 54 km. downstream portion of the international 
stretch. allotted for development to Spain by the 
Spanish-Portuguese agreement of August 11, 1927. 
The regime of the river on its international stretch is 
strongly influenced by its torrential right-bank tribu- 
tary, Rio Esla, the winter discharge of which exceeds 
by 2.000 cu. m. per sec. the 3,000 cu. m. of the Duero 
upstream of their confluence. From July to October, 
the discharge is no more than 0-5 cu. m. per sec. on 
the Esla and 30 cu. m. on the Duero; fortunately, the 
spate periods of the two rivers do not coincide. A 
short description is given of the Ricobayo plant, on 
the Esla, about 10 km. upstream of the confluence 
with the Duero, of which reservoir, after 25 years of 
service, has proved inferior in storage capacity to the 
volume of the inflow. A project to raise the water 
level of the Ricobayo by 7 m. is now under considera- 
tion, and it is expected that it will substantially im- 
prove the output of the whole Duero system down- 
stream. The harnessing of the Rio Tera, a right-bank 
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tributary of the Esla, is to be effected downstream 
from the ill-fated Ribadelago dam, so as to recover 
a production of 69 million kWh during the summer 
months. The characteristics of the Villalcampo (1949), 
Castro (1952) and Saucelle (1956) installations are 
summarised in a table. At Castro, just at the spot 
where the river and the frontier north of it form an 
angle which protrudes into Spanish territory, the 
narrowness of the Duero gorge made it impossible 
to site the power station at the foot of the dam. It 
was therefore erected, backed by a dam, across the 
ravine of a tributary, Ribera de Castro, one of the 
abutments of the power-station dam being anchored 
on Portuguese territory. At Saucelle, the right-bank 
abutment of the dam is also on Portuguese territory; 
the power station is built on the Spanish bank, per- 
pendicularly to the dam, and partly underground, 
access to it being through the roof only. Upstream 
from Saucelle, work on the new arched-gravity 
Aldeadavila dam started in March 1959; this spillway- 
type structure is 139-5 m. high, 250 m. long at the 
crest, with a radius of 120 m., and is controlled by 
two 14:0 x 8:3 m. tainter gates at the top of each of 
the four ski-jumps, which are designed to pass to- 
gether 10,000 cu. m. per sec. In addition, there is a 
flood-discharge tunnel, 525 m. long for another 2,800 
cu. m. per sec., and a double emptying culvert for 
300 cu. m. per sec. The intake structure consists of 
six bays, passing each 115 cu. m. per sec., fitted with 
caterpillar gates, 6-2 x 3-9 m., and emergency gates, 
8:1 x 5-1 m. Each intake opening connects with the 
corresponding turbine by a 5 m. diameter penstock 
184 m. long, each penstock being housed in a 6 m. 
diameter shaft inclined at 47° from the horizontal. 
After a pilot tunnel had been excavated, these shafts 
were first driven to a small diameter and subsequently 
widened to the designed size. The underground power 
station is a cavern with unfaced granite walls, 139 x 
18 m. in plan, by 20-5 m. in height, which was exca- 
vated in five stages: (a) opening below the roof at full 
cross section; (b) and (c), driving two extension tun- 
nels, one at the level of the alternator floor, the other 
at the level of the turbine scrolls; (d) excavating down- 
wards from roof to alternator floor; (e) opening out 
the space necessary for the turbines. Another cavern, 
159 m. x 12 m. in plan by 12:5 m. in height, will house 
19 single-phase transformers, one a standby, above the 
shafts of the surge tank, 1,000 sq. m. in aggregate 
cross section. The total volume of excavation work 
underground amounted to 251,000 cu. m. The six 
170,000 h.p. Francis-Neyrpic turbines will operate 
from a head of 139 m. at 187-5 r.p.m. (runaway speed, 
325 r.p.m.). Each will pass 102-75 cu. m. per sec. of 
water at full load, and drive a 126,000 kVA three- 
phase alternator. Two tailrace tunnels, each 510-68 
m. long and 136-7 sq. m. in cross section, will collect 
the discharge from three turbines and return it to 
the river. Work on the dam foundations began in 
March. and concreting in August and September 
1959; it is expected that the whole of the 848,000 cu. 
m. of the dam will be placed in 20 to 22 months, at 
the rate of 2,500 cu. m. a day. (Georges Vié, Construc- 
tion, Vol. XIV, No. 10, October 1959, p. 298, 13 pp., 
32 ff.) 


Tunnel Supports 113 ft. Span 
Transition sections of Glen Canyon spillway Tun- 
nels have the widest opening ever spanned by steel 
supports—113 ft. at some places; the steel structural 
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sections are the heaviest ever bent to support a run 
of tunnel. Owing to the continuous change occurring 
in size and shape in the transition sections between 
the rectangular arched-roof portal and the smaller 
circular cross section, this is one of the most difficult 
tunnel support jobs ever undertaken. Although the 
concrete lining will include a centre wall dividing the 
initial few feet of each transition section into two 
tubes, it was found impracticable to support the roof 
with two arches of ribs and a line of centre posts. 
Instead heavy rib sections are used capable of sup- 
porting the 106 ft. opening (after lining) in a single 
span. The mode of fabrication and erection of the 
ribs is described. (Engineering News-Record, Vol. 
163, No. 3, July 1959, pp. 49/50, 5 ff.) 

Note: Professor Gregory P. Tshebotarioff, Prince- 
ton University, discusses in the above-mentioned issue 
the Russian method of driving pile and sheet-pile by 
means of heavy vibrating compactors such as are 
described in WATER PoweRr, January 1953, p. 39 (pp. 
53/54, 2 ff.). 


Power Progress in India 

This is a general survey of the progress achieved 
by India in power developments since the beginning 
of the First Five-Year Plan. when the total installed 
capacity had grown from 1-36 million kW in 1947 
to 2:3 million kW. The plan raised that figure to 3-4 
million kW, including 2 million kW in privately- 
owned facilities. The Second Five-Year Plan aims at 
a target which will add 3-5 million kW to the aggre- 
gate capacity of all power plants in the country, the 
share of hydro power in this figure being 2:1 million 
kW. Multi-purpose and major projects now in course 
of construction total 2°86 million kW in installed 
capacity, water power contributing 1-776 million kW. 
A number of schemes have been held up by the non- 
availability of foreign exchange, it is hoped, however, 
that the plants which will not be fully implemented in 
the Second Plan will be in operation in the early years 
of the Third Plan. Special stress is laid on the expan- 
sion of rural electrification. Annual consumption per 
head of the population is not expected to exceed 50 
kWh by the end of the Second Plan, a very low figure. 
compared to 5,000 to 6,000 kWh in more advanced 
countries. A special effort will be made to add an- 
other 6 million kW of generating capacity during the 
Third Plan period, thus doubling the capacity to be 
reached at the end of the Second Plan. (M. Hayath. 
Central Water and Power Commission, Bhagirath, 
Vol. VI, No. 1. July 1959, p. 5. 6 pp., 5 ff.) 

Note: The above Anniversary Issue of Bhagirath 
marks the completion of five years ¢ of publication. 


CLASSIFIED ADVERTISEMENTS 





Announcements for this column can be accepted up to the 8th 
of the month for the following month's issue. The charges are 
fourpence per word with a minimum of 10s. Box No. facilities 
2s. 6d. extra. In order to avoid accountancy it would be appre- 
ciated if instructions to insert were accompanied with remittance. 

Displayed classified advertising for situations vacant, situations 
wanted, public appointments, are accepted at £2 10s. Od. per 
column inch. 


SHOTBLASTING—METAL SPRAYING 


COATING 


Epikote, Araldite, P.T.F.E., P.T.F.C.E., Polythene, P.V.C., 
Neoprene and Hypalon coatings applied on SITE or at 
WORKS. Loyne Limited, Margaret Street, Ashton-under- 
Lyne, Lancs. Tel. No. ASH 4551/2/3. 
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Shop assembly of a five-jet manifold for one of the 
two 28,750 h.p. Impulse Turbines for Kundah No. 1. 










Polishing the runners ae left, a 50,000 h.p. turbine, 
at right, one of the 28,750 h.p. runners. 









6 : ~~ 
Shop-testing one of the 2’6” spherical valves for 
Kundah No. 2 at a pressure of 2,140 psi. 













“IT MAKES LIGHT 
WHERE THERE WAS DARK.” 


Rangaboyan said that. He is foreman of a 
crew pouring concrete for the Kundah Hydro- 
Electric Project in Madras. 

It would probably not mean much to Ranga- 
boyan if you told him that there are two 
Dominion Impulse Turbines at Kundah No. 1, 
developing 28,750 h.p. each under a head of 
1,186 feet, and four turbines at Kundah No. 2 
producing 50,000 h.p. each under 2,470 feet, 
and that Dominion Spherical Valves can shut 
off each turbine and hold back this enormous 
water pressure. 

He might agree politely to your statement 
that the Kundah Development is one of the 
largest Colombo Plan Projects, and that its 
total cost will amount to $70,000,000. 

And he wouldn’t know what you were talking 
about when you told him that Kundah’s total 
annual capacity of about 8 million KWH is 
enough to increase the present per capita 
consumption in Madras by 50%-—from 36 
KWH to just over 50 KWH. 

Rangaboyan, you see, cannot read or write. 
Yet he said it all with simple directness—‘“‘it 
makes light where there was dark”’. 


Write for Bulletin 201-59 — “Hydraulic Turbines” — to 


DOMINION ENGINEERING 
COMPANY LIMITED 
Head Office: P. O. Box 220, Montreal, Canada e Branch Offices: Toronto— Vancouver 
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Plate steel spiral scroll case during installation at the Prospect powerhouse. 


Niagara-Mohawk picks a Leffel Turbine for new Prospect powerhouse 


A Leffel spiral case, vertical shaft turbine is 
the heart of the Prospect Development power- 
house recently completed by the Niagara- 
Mohawk Power Corporation near Utica, 
New York. This turbine is rated at 23,900 
H.P. at 180 R.P.M. under a 135 foot net 
head. 

Prime factors in Niagara-Mohawk’s selec- 
tion of a Leffel turbine for Prospect were 
Leffel’s long experience in water power devel- 
opment and the proven ability of Leffel 
turbines to operate at high efficiency year- 
after-year with absolute reliability. 


Take advantage of Leffel’s water power 
know-how on your next project. Nearly a 
century of experience stands behind every 
Leffel turbine . . . and this experience is 
available to you without obligation. Just 
write, outlining your requirements. Runner and shaft for the Prospect 


Prospect powerhouse, Niagara- 
turbine on Leffel's 24’ vertical boring 


Mohawk's 87th hydroelectric gener- 
ating plant. mill. 
1112-E 


THE JAMES LEFFEL & CO. 


MORE EFFICIENT HYDRAULIC POWER FOR 98 YEARS 
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in penstocks and pressure 
shaft linings as well as in 
other equipment for 
hydro-electric power plants 
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BUCYRUS-ERIE excavators 
are contributing towards progress 
by maintaining output 


and holding down costs on major projects 


On public works construction as well as 
quarrying and mining, Bucyrus-Erie 
heavy-duty shovels and draglines are 
preferred. Illustrated is a 110-B 

4} cubic yard shovel, one of three employed 
on the Serre-Poncon earth dam project 
on the Durance river in Southern France. 
Two 150-B draglines were engaged on the 
same scheme. Over a hundred years have 
gone by since dam projects in this 

region were first visualised. Only 

the development of present-day 

technical resources has made the 


project possible—and the choice 


of excavators? Bucyrus-Erie. 





BUCYRUS-ERIE COMPANY 





RUSTON-BUCYRUS LIMITED, LINCOLN, ENGLAND 
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IN THE MANAGER’S OFFICE... 


. . » Production is planned, decisions are made 





THE TALK is of rising labour costs and falling prices, 
- of bigger output and increased mechanisation, 
of new methods and modern equipment. 
Can they afford to scrap the old equipment 
and install the new? 
Or rather. . . Can they afford not to? 
Never before has the manager had available 
such good tools and so many of them 
to help solve these problems. 


ON THE MANAGER’S DESK... 


... “MINE AND QUARRY ENGINEERING” is relied upon 
to keep him informed of new methods of production 
and the latest technical progress. 

When he buys new pliant and equipment 

its advertisement pages exert a continuous influence 
and act as a persistent reminder. 


MINE & QUARRY ENGINEERING 


33 TOTHILL STREET * LONDON °< _ S.W.1. Telephone: WH Itehall 9233 





«++ mining and 
quarrying 
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REFERENCE LIST DESIGNED SUPPLIED ERECTED 
i a ight Diameters i = 
Sil] Name ot Pt at Couey | et [Mat] ee [terse] Pot cig |e, | ae, 
| | | | | | | 
261 | Gronsdal Norway | 177 | 302 | 2200-1900 255 | i2-z3 | 1 | 1947 
262 | Dale III | 311 | 737 | 2000-1400 700 | is 1 OR ee 
263 | Grytten | 424 | 374 | 900-800 | 1070 | 8-22 tj 
264 | Maudal II | 370 | 889 | 1650-1450 900 | 12-30 » 
268 | Skierka II | 340 | 1502 | 2100-1650 | 1240 22 1 | 
272 | Sand | 320] 181 | 500-450 1650 7-10 tj 
273 | Sore Sunnm¢gre | 377 | 235 1100-850 682 9-23 - 
275 | Glomfjord | | | | | 
| (Flow Lines) ” | — 368 | 550 3037 7 a 
277 | Pykara IV India | 936 | 3000 | 1067-991 3025 12-49 ah 
283 | Lund Norway | 251 | 190 | 700-550 =| 1112 8-10 1 | 1948 
284 | Vadheim II | 313 | 222 | 1050-850 | 676 9-17 z= 
286 | Festa | 210 | 194 | 1300-1200 | 407 10-14 fog 
288 | Kaven | 117 | 180 | 1600-1500 | 360 10-12 , Be 
290 | Vinstra I | 447 | 1020 | 2400-2200 | 387 14 | 1 | 1949 
291 | Tafjord | 400 | 400 | 1750 | 608 8-14 fig - 
292 | Abjora - | 439 739 2300-900 | 666 12-35 ae 
293 | Poringalkuthu India | 181 | 2000 2590-1320 | 887 | 11-30 | 3 | 
294 | Machkund = | 260 | 1450 1600-1450 500 11-32 . 2 ts 
298 | Sueva I Colombia | 233 | 88 800-100 | 514 5-10 | 1 | 9s 
299 | Sueva II ss | 187 | 135 1200-1000 | 509 6-12 eee 
302 | Trevallyn Tasmania | 163 | 470 | 4420-1727 | 152 | 24 | 1 | 1952 
304 | Aura II-C Norway | 295 | 396 2200 | 416 | 12-44 BR cw 
305 | Aura II-D | 744 | 1112 1600 | 1212 | 12-44 ee 
306 | Rossdga = | 247 | 1237 3400-3000 | 398 | 13-26 | 21 933 
309 | Nore in | 368 | 337 1800-1300 | 475 | 12-34 | 1 | 1954 
313 | Mocorongo Colombia | 331 | 657! 2000-1736 | 1015 | Hi fl cwA Tle 
316 | Hardeland Norway | 322 | 272! 1300-1000 | 879 | 8-15 | 1 | 1955 
319 | Poringalkutha India | 181 | 480 | 2590-1320 | 887 | 11-30 aa 
320 | Hjartdola Norway | 587 | 1061 | 2600-1500 | 1145 | 10-49 | 1 | 1956 
321 | Machkund | | | | | | 
| 2nd Stage India | 260 | 1500 | 1600-1450 500 | 11-32 :. a 
322 | Bhakra (Bulk | | | | i, Sa 
| Heads) - | — | 60} 4450 — | 17,5 i=] 
323 | Kaldaga Norway | 566 | 789 | 1300-1000 | 1803 | oo | b 
329 | Sande . | 90} 225 | 600 | 3000 | 5 ex 
332 | Gjuva | 390 | 206 | 1200-800 | 875 | 8-14 [iat ws 
334 | Innset es | 187 | 400 | 3200-2000 253 | 14-22 | 1 | 1957 
337 | Neriamangalam India | 224 | 900 | 3353-1600 1359 | 12-17 | 1 | 1958 
338 | Kiewa I Australia | — | 5 | 1912-8644 |! — | 20 fmt 4 
339 | Fortun II Norway | 873 | 112 | 1600-1300 | 75 | 30-61 =| 1 | 
340 | Vrenga | 379 | 440 | 1300-900 | 1568 | 8-11 ez 
341 | Tyin II | 1009 | 1485 | 1600-1200 ! 1857 | 10-47 ee 
345 | Matre re ' 417 | 850 3600—1500 631 12-31 I 1959 
346 | Revelstoke Canada | 445 108 : 1067— 610 390 | 6-14 l | 1959 
| 
FERRUM MONTAGE ‘| 
OSLO - NORWAY 
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Butterfly Valves are not what they used to be 


There’s 
hundreds of uses for 


The old orthodox design of butterfly valves with all 
their inherent weaknesses are now things of the past. 
A completely new and patented bridge bearing system 
is incorporated in Gordon Butterfly Valves enabling 
very high pressure drops to be easily and smoothly 
controlled. 

These design principles together with a choice of tight 
sealing methods which completely eliminate any shaft 
or peripheral leakage greatly extend the range of 
applications, and today Gordon Butterfly Valves are 
being specified in a wide range of industries from iron 
and steel works to nuclear engineering and wind 
tunnel operations. 

Available in sizes from 6” and upwards (standard 
designs include a 108” diameter valve), standard or 
purpose made, and in materials to suit almost any 
application, they could well play an important part in 
your organisation. Full details supplied on request. 


72” diameter tight closing Butterfly Valve 
for 730 ft. hd. operating pressure. 


JAMES GORDON VALVES LTD * AIRPORT WORKS * ROCHESTER - 
Telephone : Chatham 44400 


A member of the Elliott Automation Group. EF 














Trashrake of the KARIBA Power Station 
Hoist is designed for rake operation in depth of 450 feet 


Engineering Works JONNERET §.A., Geneva (P.0.B. Junction) Switzerland. 


in collaboration with our French licensee: Ets. JOYA, Grenoble (Isére) 
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MITSUBISHI 


105,000 kVA Water-wheel Generator 





Today an easy life is no luxury... owing to 
electric power. 

Mitsubishi Electric engineers, workers ... all 
play important roles in making your life more 
comfortable... manufacturing every type of 
electrical equipment from giant generators 
and transformers to small home appliances 
that offer an easier life... the electric way. 
For unmatched experience and the widest 
record of achievements, look to the THREE 
DIAMONDS of the Mitsubishi Brand. They 
represent QUALITY and INTEGRITY 


MITSUBISHI ELECTRIC MANUFACTURING COMPANY 


Head Office: Tokyo Building, Marunouchi, Tokyo Cable Address: MELCO TOKYO 


WATER POWER July 
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Typical Journal Bearing for 
horizontal Pelton Wheel 
driven Generator. Shaft dia- 
meter 2! inches, R.P.M. 428, 
Journal load 51 tons. 


MICHELL BEARINGS 


The original pivoted pad film lubricated 
bearings. They carry loads with complete 
reliability and efficiency with downright 
simplicity for all Hydro-Electrical installa- 
tions, and for Marine, Mining, Paper- 
Making Machinery and other requirements. 


MICHELL BEARINGS LTD. 


SOUTH BENWALL NEWCASTLE UPON TYNE 5 
Telephone 34279 Telegrams : MICHBEARO, NEWCASTLE 

















THE RAILWAY GAZETTE 


A journal of Railway Management, Engineering, Operation, 
and Railway News. It covers every phase of railway activity. 
It is truly said of this journal that it is ‘‘ Read wherever there 
are Railways.”” Weekly 2s. Annually £5 by post. 


DIESEL RAILWAY TRACTION 


A monthly review of world-wide developments in diesel- 
engine design, practice, and maintenance and diesel railway 
traction operation. Monthly 2s. 6d. Annually 35s. by post. 


SHIPBUILDING AND SHIPPING RECORD 


The only publication with direct appeal to both shipowner 
and shipbuilder. Its world-wide news erganisation and 
technical articles and drawings put it in the forefront of 
shipping periodicals. Weekly 2s. Annually £5 by post. 


COLLIERY ENGINEERING 
A practical journal dealing with all aspects of coal production; 
every branch of coal mining technology is reviewed in detail 
and special attention is given to mechanisation and labour- 
saving machinery. Monthly 2s. 6d. Annually £2 by post. 


COKE AND GAS 
A technical journal dealing with the scientific and technical 
probiems involved in the production of coke and gas in coke 
ovens and gasworks. Monthly 2s. 6d. Annually 35s. by post. 


THE RAILWAY MAGAZINE 


A popular magazine containing illustrated articles on Railways 
and Locomotives. Monthly 2s. 6d. Annually 35s. by post. 


NEW COMMONWEALTH 
Describes and illustrates significant developments in pro- 
duction, trade, transportation and related spheres in all 
countries of the Commonwealth. Monthly 2s. 6d. Annually 
£2 by post. 


THE INDUSTRIAL CHEMIST 
A technical journal devoted to the progress of applied 
chemistry and chemical engineering. It is of vital importance 
to the chemical manufacturer and all who employ chemical 
processes in their productive operations. Monthly 2s. 6d. 
Annually £2 by post. 


ARCHITECTURE AND BUILDING 
A journal for practising and salaried architects, building 
contractors, designers, and specialists. It deals with the 
planning, design, construction and the administration of 
modern building work. Monthly 2s. 6d. Annually 35s. by post. 


woop 


*Wood”’ is the only magazine of its kind. Primarily con- 
cerned with the use of wood, it includes articles on trees 
and timbers, design and construction in all decorative and 
practical wood usage, machines and machine practice, and 
trends in world supply. Monthly 2s. 6d. Annually 35s. by post. 


FOOD PROCESSING AND PACKAGING 


A journal devoted to the manufacture, packaging, and marketing 
of processed foodstuffs. Monthly 2s. 6d. Annually £2 by post. 


WATER POWER 


A technical journal devoted to the study of all aspects of 
Hydro-Electric Development. Monthly 2s. 6d. Annually £2 


by post. 


MINE AND QUARRY ENGINEERING 


Articles of technical nature cover geology, modern methods 
of prospecting, the winning of ore and stone, the dressing of 
ore and minerals, and extraction metallurgy. Monthly 2s. 6d. 
Annually 35s. by post. 


TOTHILL PRESS LIMITED 
33, Tothill Street, Westminster, London, S.W.| 
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PATENTED 
OSSBERGER 
WATER TURBINES 





Specially suitable for econo- 
| mical utilization of fluctuating 


waters 
' 













Range of application 

for heads: 1-100 m 

Water supply: 

10-4000 litres/sec. 

Output: up to 300 HP. per unit 





Supply of 
complete 
small-sized 
hydro-electric | 
power 


plantsf” 





_OSSBERGER - TURBINENFABRIK | 


| WEISENBURG IN BAVARIA - TELEPHONE 2362 
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KAPLAN, IMPULSE & 


FRANCIS TURBINES 


up to about 3,000 h.p. and 

other machinery such as governors, 
gear mechanisms, screens, trashrakes, 
conduits and shut-off valves, etc., 


are manufactured, in the traditionally high 
quality of the Black Forest, by: 


MASCHINENFABRIK EDUARD RUCH 


OBERKIRCH 2 BADEN GERMANY 
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ELECTRICAL 
CONTROL 


PENSTOCKS 
VALVES 










RECTANGULAR 
UP TO 


2 100 sq. ft. 


CIRCULAR 
UP TO 


6 ft. dia. 


FITTED 
WITH 


“VALECTRIC”’ 


HEADSTOCKS 


USED BY LEADING 
AUTHORITIES 


including 


C.E.A. « b.C.C. 


LOCAL 
or 
REMOTE 
CONTROL 









Send for Publication P.12 (W) 


HAaABPLE YS: 4fD 
TRENT) * 
Head Office & Works: Stoke-on-Trent, England 
London office: Hastings House, Norfolk Street, Strand, W.C.2 
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Quality predominates: The above picture shows a 
runner hub for kaplan turbine 
in the machining shop 


For Hydraulic Power Plant we specialise in large and complicated 
castings and forgings in carbon and alloy steels 


Our production programme includes: Runners for impulse and Francis turbines, up to the largest 
dimensions, in plain carbon or 13 per cent chromium cast steel; kaplan runner blades and runner 
hubs, spiral casings, stay rings, regulating rings, guide vanes, etc., spherical valve housings, valve 
bodies, butterfly valve discs and housings, annular valve housings; single and double pump wheels, 
also in 13 per cent chromium cast steel, up to the largest dimensions; guide wheels, suction 
bends, etc. Forged steel shafts for pumps and turbines. 


You are invited to submit your enquiries. We shall reply without any obligation for you. 


: Our BV Vacuum Steel 
MACH, is specially suited for 


fir GuBstahlfabrikation AG. BOCHUM highly stressed parts 
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Postbox 325, Bochum (Germany) - Telephone 69021, Telegrams: gusstah! - Telex: gusstahl 0825831 


POWER July 1960 











Following the success of the 6 Deriaz 

reversible pump turbines at Niagara, a 30,500 h.p., 

180 feet head Deriaz turbine coupled to a 

22 MW alternator has been ordered for the . 7 7 1? 

Culligran Power Station of the North of Scotland ENG | IS H 1) Lk ( TR | ( 

Hydro-Electric Board. A maximum efficiency of 

91-7% was obtained on a 20-inch diameter model. 
hydro-electric equipment 

This will be majorated as usual 


for the full-sized turbine. 


THe ENGLISH ELECTRIC Company Limitep, MARCONI HousE, STRAND, LONDON, W.C.2 
Hydro-Electric Department, Dunnings Bridge Road, Netherton, Bootle, 10 


WORKS: STAFFORD *- PRESTON * RUGBY * BRADFORD + LIVERPOOL +« ACCRING 


TON HE.38 








